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1.0 INTRODUCTION

This Work Plan describes an Intrinsic Sediment Processes Study for the Naval Air Station (NAS)
Alameda to be conducted by the University of California at Berkeley (UCB). A major focus of the
studies will be to evaluate whether intrinsic processes (those that occur in the natural. undisturbed
sediment systems) are transforming or immobilizing chemicals released by past operations into
sediments at two locations at NAS Alameda. These locations are referred to as Site 17, the
Seaplane Lagoon, and the wetlands portion of Site 2, the West Beach Landfill.

The management of sediments containing chemicals is one of the most coruplex and challenging
tasks facing the remediation community in the United States and the U.S. Navy (Navy) at NAS
Alameda. UCB, the Lawrence Livermore National Laboratory (LLNL), and the Lawrence
Berkeley National Laboratory (LBNL) have combined their expertise and resources to form the
Berkeley Environmental Restoration Center (BERC) to demonstrate und apply innovative

approaches to the solution of difficult environmental problems. such as the management of
contaminated sediments. '

BERC has assembled a team that includes recognized experts in ecotoxicology. sediment and
chemical transport mechanisms, chemical characterization and transformation, and subsurface
characterization to evaluate the processes occurring in sediments at NAS Alameda. Resumes of
BERC Investigators are included in Appendix A. This evaluation will provide the Navy, the
environmental regulatory agencies, and the Alameda community with information regarding
sediment conditions in the Seaplane Lagoon and the West Beach Landfill Wetlands that may
require active remediation and the chemicals within those sediments that are of concern. The study
will also develop information used to specify the design basis for selected active remedial
alternatives, such as capping of sediments. dredging of sediments, or modification of wetlands
drainage.

1.1 DESCRIPTION OF INTRINSIC SEDIMENT PROCESSES

The study described in this Work Plan will evaluate the intrinsic processes that may be
incorporated into remedial approach(es) for chemicals of concern within the sediments found in the
Seaplane Lagoon and the West Beach Landfill Wetland. The results will be used by the Navy in a
future engineering evaluation and cost analysis or feasibility study to develop general clean-up
response actions for the Seaplane Lagoon and the West Beach Landfill Wetland. The results may
also be used as a design basis for other remedial alternatives, such as capping.

A number of chemicals used in past operations at NAS Alameda have been transported through the
storm drains into the sediments within the Seaplane Lagoon. Some of the chemicals disposed in the
West Beach Landfill, most notably several classes of nonvolatile organic chemicals, apparently
have migrated into the West Beach Landfill Wetlands through runoff and erosion from the landfill.
These chemicals may also have been present on the soils/sediments used as fill in the area that now
constitutes the wetlands site. These chemicals are either bound to the sediment by sorption
processes or present as an organic liquid if they were released as free product (oils, solvents, etc.).
Whether the chemicals are bound to sediments or are present as a free-phase liquid, the sediments
may serve as a continuing source of chemicals to the bay and lagoon and their ecosystems for
many decades.

The chemicals within the sediments may reach humans and animals via several pathways. Because
the chemicals are now associated with sediments in the lagoon and wetlands, direct human
exposure by dermal, inhalation or ingestion routes is not expected to be significant. Predominant
exposures are expected to be flora and fauna that contact the sediments. These exposures may be

Berkeley Environmentai Restoration Center Intrinsic Sediment Processes Study
Work Plan. Draft Final 1-1 February 1997



accelerated by sediment disturbance, including dredging, that may be necessary for sediment
remediation or for improving the recreational or ecological value of the sites.

While dredging may accelerate release of chemicals, other processes are effecting sediments.
Processes that occur in the natural. undisturbed sediment system are referred to as “‘intrinsic”
processes. Intrinsic processes are of particular interest because they may effectively reduce the
concentrations of chemicals in the environment or decrease their ability to exhibit toxic effects
without invasive remedial site activities. The Intrinsic Sediment Processes Study will also estimate
the rates at which these chemicals are likely to move from the sediments into surrounding waters
under disturbed conditions. The study will characterize the following conditions and intrinsic
processes:

(I) toxicity and bioavailability of chemicals within the sediments under existing conditions
(2) geochemical transformations within the sediments

(3) biological transformations within the sediments

(4) chemical transport out of the sediments

(5) toxicity and bioavailability of chemicals that have been released from the sediments.

1.2 PARTNERSHIP AGREEMENT

On August 24, 1994, the Navy and UCB entered into a formal partnership that provides the
framework for exploring the application of innovative environmental restoration "technologies
developed by UCB, LLNL, and LBNL to Installation Restoration (IR) sites at NAS Alameda. As
part of the partnership agreement, UCB established the Berkeley Environmental Restoration Center
(BERC) as a coordination office to administer the contract for UCB. The partnership is governed
by Contract No. N62474-94-7430.

Delivery Order (DO) 4 of the contract authorizes limited sampling and specialized analysis of the
sediments of the Seaplane Lagoon and the West Beach Landfill Wetlands. Specific tasks that are
authorized include:

(1) preparation of a coordinated sampling and analysis plan
(2) implementation of the coordinated sampling and analysis plan
(3) preparation of a sampling and analysis report

(4) participation at project meetings.

Originally, DO 4 was to include only the Seaplane Lagoon. In late 1995, the Navy and UCB
agreed to include the West Beach Landfill Wetlands in the Scope of Work. After the additional site
was added, the scope of work was reduced to evaluate only intrinsic processes that occur in
sediments. Studies to assess enhanced remediation of sediments may be performed as part of
future delivery orders.

This work plan was written by UCB to fulfill the requirements of Task 1 and describes the
investigation that will be implemented to fulfill the requirements of Task 2. At the completion of the
Intrinsic Sediment Processes Study, UCB will prepare a report to fulfill the requirements of Task
3. UCB, LLNL, LBNL, and subcontractor personnel are available for meetings to fulfill the
requirements of Task 4.

During implementation of the Intrinsic Sediment Processes Study, LBNL will be responsible for
conducting:

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
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e Pore water toxicity testing
e Stable isotope ratio monitoring
e Organic chemical analyses
LLNL will be responsible for conducting the following assays:
e Toxicity identification evaluations
e 14C radio-isotope tracking
e Chemical characterization of metal spec.ation
e Geochemical analyses
UCB will be responsible for:
e Project oversight and coordination
e Acoustic imaging of sediments
e Assessment of transport and transformation rates
e Bioavailability assays

¢ Microbial transformation studies of selected chemicals of concern

1.3 INTRINSIC SEDIMENT PROCESSES STUDY DECISION PROCESS

An evaluation of the initial site characterization data for the Seaplane Lagoon and the West Beach
Landfill Wetlands (summarized in Section 2) indicated that intrinsic remedial processes are
appropriate remedial alternatives to consider for some of the sediments at these sites. The
concentrations of chemicals, especially organic chemicals. in some of the sediments may be
sufficiently low that concentrations will decrease due to natural transformation processes.

Additionally. metals in sediments may be sorbed or present in a solid phase that precludes their
transport out of sediment.

As mentioned at the beginning of this section, the evaluation of sediment remediation options is a
complex process involving many disciplines. Decisions regarding the scope of the study centered
on two major issues:

¢ Allocation of effort between the Seaplane Lagoon and the West Beach Landfill Wetlands,

¢ Inclusion of petroleum hydrocarbons, particularly polycyclic aromatic hydrocarbons (PAHs)
and polychlorinated biphenyls (PCBs) in the studies.

Petroleum hydrocarbons have been included in the proposed study because they influence the rates
of transformation of chemicals and they influence the mobility of both metals and other organic
chemicals. Metals are a focus of some studies because they have been observed at potentially toxic
concentrations in several sediment samples, and their chemistry is an indicator of conditions
influencing transformation of organic chemicals. PAHs and PCBs in particular have been identified
as potential chemical classes of concern, and have been included in the studies for this project.

The general decision process for the implementation of this Intrinsic Sediment Processes Study is
diagrammed on Figure 1-1. This draft work plan will be reviewed by the Navy, the environmental
regulatory agencies, the Restoration Advisory Board (RAB), and the Base Realignment and
Closure (BRAC) Closure Team (BCT). After these reviews, the Navy will authorize preparation of
the final work plan. After considering reviews of the Final Work Plan, the Navy will authorize
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implementation of the Intrinsic Sediment Processes Study. Individual tasks in the Work Plan, such

as acoustic imaging, may be authorized earlier based on technical memoranda submitted by BERC
and the need for such studies to begin earlier.

Technical reports for the individual discipline studies will be prepared soon after the data analyses
for the respective studies are completed. With the Navy’s concurrence, these reports will be peer
reviewed. revised, and submitted to the Navy as interim reports. These reports will then be
included as appendices for a draft final report for the Intrinsic Sediment Processes Study, which
will be reviewed by the Navy, regulatory agencies, the RAB, and the BCT. The final report may
be utilized by the Navy and their feasibility study contractor in either an engineering evaluation and

cost analysis for an earlicr clean-up response such as removal or an interim remedial action, or a
feasibility study for a final remedial action.

1.4 SCOPE OF PROPOSED STUDIES

The studies to be conducted by BERC are primarily intended to provide data to be used in the
context of a feasibility study that will be prepared by the Navy’s contractor, PRC. Some studies
will provide information on baseline conditions against which consequences of remedial options
can be compared, and PRC may also use these data in ecological assessments if the data are of the
appropriate quality (that is detection limits, analytes and methods are comparable to PRC data).
Remedial alternatives that may be considered in the feasibility study include leaving sediments in
place, or the partial removal of sediments. Active remediation options such as capping of sediments
in place or in-situ treatment of sediments have also been suggested, and the disturbance of

sediments during active remediation and the related short-term exposure pathways during
remediation are of concern.

The studies conducted by BERC are not intended to completely define any of the remedial
alternatives, but rather are planned as innovative approaches on a limited number of samples to
provide an additional level of understanding regarding the intrinsic processes and conditions, and
to address some aspects of selected remedial alternatives. This information will be used for the
evaluation and selection of the remedial actions under consideration by the Navy. BERC
investigators will contribute to those evaluations by the Navy and its contractors as requested. For
this contract, innovative methods are those procedures and measurements that are not in routine use
nor available from commercial laboratories, and which can be implemented using the expertise and
sometimes unique facilities available at the University of California at Berkeley (UCB), Lawrence
Berkeley National Laboratory (LBNL), and Lawrence Livermore National Laboratory (LLNL)

In the planning of data collection and uses, it must be recognized that including intrinsic processes
as a part of a feasibility study/remedial action selection for sediments requires a somewhat different
approach compared to the use of active remediation measures. The most critical differences are that
the intrinsic (natural and/or undisturbed) processes are usually less buffered, more spatially
variable, and less certainly defined than when active (or externally-induced) measures are applied;
the time scale for the intrinsic process is also often longer than for active remediation. Therefore,
complementary and sometimes overlapping lines of evidence are important to conclusively
demonstrate that the intrinsic processes are occurring and to determine the rate-limiting processes.
Such demonstrations usually require monitoring of several site-specific parameters and conditions
that are used in the context of conceptual and mathematical models, and which together support
the conclusion that the natural (intrinsic) processes are occurring. While such activities might
otherwise be regarded as a characterization effort, they have direct relevance to the issues of
treatability of the sediments, or the consequences of imposing certain sediment management
techniques. The evaluation of intrinsic processes as part of a remedial plan are then distinct from
active remediation processes where external sources are used to enhance or overwhelm a natural
condition, and where responses to the changed condition can be unambiguously determined (for
example, a proportional chemical concentration decrease in response to applied enhancement.).
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1.5 RELATED DOCUMENTS

BERC has developed program level documents that describe procedures to be followed on projects
implemented under the partnership agreement. These include:

e The BERC Quuality Control Program Plan
e The Health and Safety Plan (Program), Volumes I and II:
e Standard Operating Procedures (SOPs)

e Standard Quality Procedures (SQPs).

Work at the Seaplane Lagoon, the West Beach Landfill Wetlands, and commercial and BERC
laboratories will be conducted in accordance with the general procedures described in these
program level documents and as more specifically described in this Work Plan. Applicable SOPs
and SQPs for this project are identified in Table 1-1 (Applicable Standar! Operating Procedures
and Standard Quality Procedures). The program level documents are updated periodically and the
most recent version of each document is maintained in the BERC office.

1.6 ORGANIZATION OF WORK PLAN

Section 1 of this Work Plan presents the background and objectives of the Intrinsic Sediment
Processes Study for the Seaplane Lagoon and the West Beach Landfill Wetlands, as well as the
contracting mechanisms that authorize the work and program level documents guiding the study. A
history of operations at NAS Alameda as well as the Seaplane Lagoon and West Beach Landfill
area is presented in Section 2 with a discussion of previous investigations, site hydrogeology, soil
and groundwater quality, and probable exposure pathways. Section 3 provides an overview of the
conceptual approach of the Intrinsic Sediment Processes Study and summarizes the information
that will be developed by UCB, LLNL, and LBNL. The Sampling Approach, detailing the field
activities to be conducted, is presented in Section 4. The Methods and Analyses is contained in
Section 5. Integration of the data into a description of transport and fate under intrinsic conditions
is the subject of Section 6. The Quality Assurance Project Plan is included as Section 7. Reporting
is described in Section 8. Project Management is described in Section 9. Because of the breadth of
studies to be conducted, pertinent references are cited in Section 2 (History of Operations) and
Section 5 (Methods and Analyses) under the respective studies to facilitate locating the referenced
material.

Appendix A contains resumes of Intrinsic Sediment Processes Study personnel. Appendix B
contains the Sampling and Analysis Plan, including project specific procedures and SOPs that have
been developed for the study. These procedures and SOPs supplement the program level SOPs
(BERC, 1996b). The Site Specific Health and Safety Plan for field work related to the study is
included as Appendix C.
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Table 1-1

Applicable Standard Operating Procedures and Standard Quality

Procedures

Title Number
STANDARD OPERATING PROCEDURES
Chain of Custody 1.1
Sample Handling, Packaging and Shipping 2.1
Subsurface and Shallow Subsurface Soil Sampling 3.1
Drilling and Heavy Equipment Decontamination 6.2
Sample Labeling 17.1
Sample Numbering 17.2
Isotope Monitoring 24.4
Sediment Coring Procedures 25.1
Sediment Sampling for Pore Water Extraction 25.2
Pore Water Isolation 25.3
Acoustic Imaging of Sediments 25.4
Microelectrode Measurements in Sediment Core Pore Waters 26.1
Pore Water Constituent Measurements 26.2
Sediment Bulk and Mineralogical Analyses 26.3
Sediment Metal Speciation Analyses 26.4
Leaching from Disturbed Sediments 26.5
Pore Water Toxicity Test 27.1
Sediment Water Interface Core Test (SWIC) 27.2
Toxicity Identification Evaluations 27.3
Acid Volatile Sulfides and Simultaneously Extracted Metals 27.4
Bioavailability/Bioaccumulation by the Bivalve 28.1
Digestive Fluid Extraction 28.2
Lead-210 Profile in Sediment 29.1
Measurement of Lagoon Sediment Properties 29.2
Fingerprinting PAHs, PCBs, Hydrocarbons and Hydrocarbon Tracers 30.1
Intrinsic Production of Methane in Anaerobic Lagoon Sediments 30.2
Intrinsic Transformation of PAHs and PCBs in Anaerobic Sediments 30.3
Constraints on Transformation of PAHs and PCBs in Sediments 30.4
Transformation of PAHs and PCBs in Vadose Zone Soil Plots 30.5
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Table 1-1 (Continued)

Applicable Standard Operating Procedures and Standard Quality
Procedures

Title Number
STANDARD QUALITY PROCEDURES
Project Self Assessment 3.1
Indoctrination and Training 3.2
Document Control 4.1
Records Management 4.2
Preparation, Revision and Approval of Plans and Procedures 5.1
Preparation, Reviev’, and Approval of Procurement Documents 6.1
Calibration and Maintenance of Measuring and Test Equipment 8.2
Control of Tests 9.1
Nonconformance Control 10.1
Corrective Action 10.2
Stop Work Order 10.3
Field Work Variance/Request for Information 11.1
Quality Audits 12.1
Quality Surveillances 12.3
Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
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2.0 HISTORY OF OPERATION

2.1 INSTALLATION DESCRIPTION

NAS Alameda (Figure 2-1) lies on the western end of Alameda Island, in Alameda and San
Francisco Counties. Alameda Island lies in the eastern San Francisco Bay, adjacent to the city of
Oakland. Rectangular in shape, NAS Alameda is approximately 2 miles long and 1 mile wide, and
occupies 1.634 acres, of which 1,108 acres are submerged.

At Jeast two large industrial sites, a borax processing plant and an oil refinery, were located on the
island near what is now NAS Alameda prior to 1930. The U.S. Army acquired the NAS site from
the city of Alameda in 1930 and began construction in 1931. In 1936, the Navy acquired title to the
land from the Armv and began building the air station in response to the militars buildup in Europe
prior to World War Il. The station is largely constructed on hydraulic fill material. After the 1941
entry of the U.S. into the war, more land was acquired adjacent to the air station. Following the
end of the war. NAS Alameda returned to its original primary mission of providing facilities and
support for fleet aviation activities.

Currently. the eastern portion of the station is developed with offices, residences. and industrial
facilities. The western portion of the station is primarily developed with runways and support
facilities.

2.1.1 Basewide Geology

This section summarizes the geology and hydrogeology of NAS Alameda from the Remedial
Investigation/Feasibility Study Final Aquifer Test Work Plan prepared by PRC and Montgomery

Watson (MW). The summary is based on previous remedial investigations performed at NAS
Alameda since 1990.

Alameda Island is underlain by approximately 400 to 500 feet of unconsolidated sediments
overlying consolidated Franciscan bedrock. The uppermost unconsolidated units at NAS Alameda
are described beJow. The unconsolidated units, from youngest to oldest, are:

e artificial fill;
*  Holocene Bay Mud;

* late Pleistocene/Holocene deposits (Posey Formation, late San Antonio Formation, and Merritt
Sand); and

* late Pleistocene estuarine deposits (San Antonio Formation).

Figure 2-2 presents an idealized stratigraphic column showing these units. The generalized
stratigraphic relationship of these units is illustrated on Figure 2-3.

Artificial Fill. Artificial fill is the shallowest unit identified at NAS Alameda. The thickness ranges
from O to 40 feet: the range of thickness is a result of natural variation in the depth of the estuary
prior to filling, which began in the late 1800s. This unit is thinnest or absent beneath the
easternmost portion of the air station which was a tidal flat in 1856 (Figure 2-4). Artificial fill
reaches the greatest thickness in the western part of NAS Alameda.

The artificial fill consists of hydraulically placed dredge spoils from the surrounding San Francisco
Bay, Seaplane Lagoon, and the Oakland Channel. The composition of the artificial fill varies, but
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generally consists of silty sand to sand with minor inclusions of clay and gravel. The artificial fill
composed of sand is similar in texture to the underlying late Pleistocene/Holocene eolian deposits,
which in most cases served as a source for the artificial fill where it underlies the surrounding San
Francisco Bay.

Little information on the timing of the artificial fill operations is available. Historical aerial
photographs indicate that fill was placed in east-west linear rows with the intervening swales filled
with water. This filling procedure may have produced a systematic variation in grain size of the fill
material, with finer-grained material being deposited closer to the water-filled swales and coarser-
grained material being deposited closer to the point at which the hydraulic pipe discharged. This
potential variation in grain size, if present, could affect challow groundwater flow in the first

water-bearing zone by creating preferential groundwater flow paths within the coarser-grained
material.

Holocene Bay Mud. Holocene Bay Mud is the youngest naturally occurring unit in the vicinity of
NAS Alameda; it was deposited in an estuarine environment and is still being deposited in San
Francisco Bay. Although commonly referred to as "Bay Mud," the unit locally contains substantial
amounts of sand. In some areas of the western portions of NAS Alameda, this unit is composed
predominantly of sand. Bivalves are present in some portions of the unit. In the eastern portion of
NAS Alameda, the uppermost portions of the Holocene Bay Mud contain abundant plant remains.
The historical shoreline around 1900 is shown on Figure 2-5.

The Holocene Bay Mud ranges in thickness from approximately 35 feet at the western part of NAS
Alameda to O feet at the extreme eastern part of San Francisco Bay. The Holocene Bay Mud is
encountered at a depth of approximately 25 feet below ground surface (bgs) beneath the western
part of NAS Alameda and approximately 5 feet bgs beneath the eastern part of NAS Alameda. The
depth to the top of the Holocene Bay Mud reflects the approximate water depth in the bay, prior to
artificial fill operations.

Late Pleistocene/Holocene Deposits. Alluvial and eolian deposits of late Pleistocene to Holocene
age unconformably overlie the late Pleistocene estuarine deposits (described below). Eolian
deposits which include Merritt Sand, form a major water-bearing zone under the Seaplane Lagoon.
The alluvial deposits have partially filled preexisting valleys that were 150 feet or more deep and up
to 1,000 feet wide. They also blanket adjacent flat lands. The thickness of the alluvial deposits is
reported to range from 10 to 40 feet in the eastern portion of NAS Alameda and 7 to at least 72 feet
in the central portion of NAS Alameda. The unit consists of medium grained sand containing
varying amounts of silt and clay that may have been deposited in a deltaic environment.

The eolian deposits formed as sand dunes when sea level was much lower and the shoreline was
located outside the Golden Gate passage on what is the present continental shelf. The thickness of
the eolian deposits is 8.5 to 56 feet beneath the eastern portion of NAS Alameda, 19 to 60 feet
beneath the central portion, and 9.5 to 48 feet beneath the western portion. The eolian deposits are
present at a depth of approximately 45 feet bgs at the western part of NAS Alameda and occur at
approximately ground level at the eastern part of NAS Alameda. In the vicinity of NAS Alameda
these deposits consist of fine-grained sand to silty sand. Bivalve shells and shell hash are observed
in parts of the unit. An east-west trending paleochannel has previously been identified that downcut
into and removed the alluvial and eolian deposits from the central part of NAS Alameda. Within the
paleochannel, the Holocene Bay Mud directly overlies late Pleistocene estuarine deposits.

Late Pleistocene Estuarine Deposits. The estuarine deposits in the vicinity of NAS Alameda consist
of a dark greenish-gray silty clay, and are approximately 140 feet thick under the westernmost
portion of Alameda Island. The unit is considered an aquitard and is present at a depth of
approximately 90 feet under the westernmost portions of NAS Alameda.
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2.1.2 Basewide Hydrogeology

The sediments beneath NAS Alameda are subdivided into two aquifers. The shallow, or first,
aquifer consists of two water-bearing zones (Figure 2-3). The first water-bearing zone of the first
aquifer is in the artificial fill and continues partially into the Holocene Bay Mud where this unit
consists of more permeable sand. The second water-bearing zone of the first aquifer is in the late
Pleistocene/Holocene alluvial and eolian deposits including the Merritt Sands. A deeper, or second,
aquifer is in the underlying undivided Pliocene/Pleistocene terrestrial deposits (not described in this
Work Plan); this aquifer is not of interest in this study. It is separated from the first aquifer by late
Pleistocene estuarine deposits, which form an aquitard.

Previous investigations considered the first and second water bearing zones of the first aquifer to
be separated by the Holocene Bay Mud (PRC and MW, 1995). However, the Holocene Bay Mud
has been found to be discontinuous beneath sevcral areas, especially the southeastern part of NAS
Alameda. Thus, in these localized areas. the fi st and second waterbearing zones of the first aquifer
are considered to be in partial hydraulic connection (PRC, 1991). Because of this, the uppermost
waterbearing zone in the eastern portions of NAS Alameda includes the late Pleistocene/Holocene-

age alluvial and eolian deposits. The extent and depth of Bay Mud under the Seaplane Lagoon and
West Beach Landfill Wetland is not known.

Groundwater in the first water-bearing zone is unconfined and is first encountered at approximately
3 to 5 feet bgs throughout most of NAS Alameda. Groundwater in the second water-bearing zone
(including Merritt Sand) is semiconfined beneath much of NAS Alameda. In the eastern areas of
the base. where the Holocene Bay Mud is absent. the second water-bearing zone merges with the
first and groundwater occurs under unconfined conditions. Where the Holocene Bay Mud is
present. the water pressure or head in the second water-bearing zone generally rises to the same
level as in the first water-bearing zone.

2.2 SEAPLANE LAGOON, SITE 17

2.2.1 Site Description and History

The Seaplane Lagoon (Site 17) 1s located at the southeastern corner of NAS Alameda (Figure 2-1).
The site consists of a body of water with a surface area of 110 acres; it is 12 to 17 feet in depth and
is almost entirely surrounded by seawalls (Figure 2-6). The entrance to the lagoon from San
Francisco Bay is through an approximately 800 foot opening in the southwestern end of
breakwater extending from Pier 1. The opening allows tidal circulation to occur. Outside the
lagoon are berths for deep draft ships (Piers 1, 2, and 3, Figure 2-6). The berths are protected by
an outer breakwater (PRC, 1994a). There is no information on the depths of the sediment and Bay

Mud within the lagoon itself, or on water transport between overlying water, sediment and lower
strata.

From 1943 to 1975, the lagoon served as a receiving basin for an estimated 300 million gallons of
wastewater from the combined storm and sanitary sewer system. This system received wastewater
from many industrial operations throughout NAS Alameda and discharged to seven outfalls within
the Seaplane Lagoon; the outfall locations are shown on Figure 2-6 by the letters A through G.
Since 1975, when industrial wastewater was first segregated, the lagoon has received only storm
sewer discharge and surface runoff (PRC, 1994a).

Wastewater discharged to the Seaplane Lagoon prior to 1975 was reported to contain metals,
solvents, paints, detergents, acids, caustics, mercury, oil and grease, and PCBs. Ships docked at
the piers south of the entrance to the Seaplane Lagoon discharged wastewater containing solvents,
chromium, waste oil, and fuel which could have been swept into the lagoon by tidal action. During
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the 1960s and 1970s, antifouling paint was used on the bottom of small boats; this is another
potential source of metals to the Seaplane Lagoon.

2.2.2 Potential Sources of Chemicals

The potential sources of chemicals in and adjacent to the Seaplane Lagoon include other Navy
Installation Restoration Program (IRP) sites such as the Navy hazardous waste clean-up program
sites at NAS Alameda which discharged to the Seaplane Lagoon through the combined storm and
sanitary sewer system prior to 1975, adjacent IRP sites, and present day vessel and seaplane
operations in the areas adjacent to the lagoon (PRC, 1994a). These IRP sites (Figure 2-1) are not
expected currently to be discharging to the Seaplane Lagoon, but are described below to illustrate
the complex nature of the past releases of chemicals to the Seaplane Lagoon. Operations at these
IRP sites are summarized in Table 2-1 and are discussed below.

IRP Site 6: Building 41. Building 41 at Site 6 (Figure 2-1) is one of several hangars lo~ated along
the northern boundary of the Seaplane Lagoon. This building was formerly used as a hangar for
seaplanes, but is now occupied by the Aircraft Intermediate Maintenance Department (AIMD). A
storm drain located near the paint stripping and hazardous waste drum storage area discharges into
the Seaplane Lagoon and may have been a source of chemicals to the lagoon. Chemicals stored and
used in the building include a petroleum hydrocarbon solvent (PD680), dry cleaner solvents,
hydraulic oil. paint wastes. and used hydraulic fluids.

IRP Site 8: Building 114 Pest Control Area. Building 114 at Site 8 (Figure 21) now serves as an

administrative center and as a location for Pubic Works Center (PWC) activities including
maintenance painting. The building formerly housed a woodworking shop, steam cleaning shop,
and a storage facility for pesticides and herbicides. Steam cleaning, paint stripping, and spray
painting generated approximately 264 gallons of wastewater per day, which were discharged
directly into storm drains. The storm drains emptied into the Seaplane Lagoon. Separator pits
functioned inadequately, and their contents were routinely dumped at the West Beach Landfill.

Prior to 1974. the facility stored pesticides and herbicides. Equipment used in weed and pest
control was likely rinsed at this site and the rinsate may have been discharged to the lagoon. The
pesticides and herbicides stored at the site included chlordane, lindane, DDT, malathion, diazinon,
Telvar, Chlorvar, 2,4-D, Roundup, Princep, and Krovar 1.

IRP Site 10: Building 400 Missile Rework Facility. Building 400 at Site 10 (Figure 2-1) is at the
northwest corner of the Seaplane Lagoon and houses a small paint shop and cleaning shop. Prior
to 1972, the building housed the missile rework operations. Wastes generated included sludge,
metal shavings, paint strippers, cleaning solvents, and oil and grease. These wastes were usually
deposited in the West Beach Landfill. Wastewater from Building 400 contained solvents, heavy
metals, and phenols. This wastewater was discharged, untreated, into the industrial wastewater
collection system. It is unknown whether any wastes were discharged to storm sewers that emptied
into the Seaplane Lagoon.

IRP Site 11: Building 14 Engine Test Cell. Building 14 Site 11 (Figure 2-1) is east of the Seaplane
Lagoon. At present, two engine test shops and several laboratories are housed in this building. The
laboratories have had small mercury spills in the past. Waste generated during cleanup of these
spills was disposed of in the West Beach Landfill.

IRP Site 18: Station Sewer System. Part of the NAS Alameda storm sewer system discharges
directly into the Seaplane Lagoon at seven outfall locations, four of which are at least 0.75 meters
in diameter; the outfall locations are shown on Figure 2-6. Until 1975, the system received
untreated wastewater from plating bath dumps, paints and paint strippers, pesticides and
herbicides. oil and grease, cleaning solvents and, possibly, PCB-contaminated oils. After 1975, all
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wastewater was transferred to the industrial wastewater treatment plant. The sewer system is
reported to be constructed mainly of corrugated steel pipes which may be in poor condition; if the
sewer lines are cracked or leak. contaminants from untreated wastewater could enter the soil or
groundwater. The sewers open into the Seaplane Lagoon and at high tide seawater may flow up
into the pipes.

2.2.3 Previous Investigations

Investigations were conducted at the Seaplane Lagoon, Site 17, in 1983, 1985. 1987, 1988, 1991.
and 1993. The previous investigations were as follows:

e In 1983, Ecology and Environment conducted an initial assessment at I AS Alameda, which

included Site 17. The report documenting this assessment was referenced in subsequent reports
reviewed by UCB but is not currently available for review.

e In 1985, W: hler Associates collected eight sediment samples from the t>ttom of the Seaplane
Lagoon and two sediment samples from the channel outside the lagoon. The samples were
analyzed for metals. PCBs, and pesticides. No PCBs or pesticides were detected. Metals were
detected in both the lagoon and the channel samples. The report concluded that metals
concentrations were not sufficiently high to pose an environmental threat. The report
documenting this sampling was referenced in subsequent reports reviewed by UCB but is not
currently available for review.

e Extensive sediment sampling was conducted by several groups in 1987, 1988, and 1991 to
characterize maintenance dredging materials in the outer breakwater area ot Piers 1, 2, and 3
adjacent to the Seaplane Lagoon (PRC, 1994). Among the chemicals detected were PCBs (as
Aroclor 1016), heptachlor, phthalate esters, sulfides, zinc, lead, anthracene, and organotin.
Bioassays were conducted using mussel (M. edulis) larvae as the test organism. Four of the
test samples showed greater than 50 percent abnormal development at the highest test
concentration (100 percent elutriate). The report documenting this sampling was referenced in
several reports reviewed by UCB but is not currently available for review.

e In 1993, PRC conducted an environmental assessment that included the Seaplane Lagoon
(PRC. 1994a). As part of this assessment, surficial sediment samples were obtained from the 0
to 10 centimeter depth interval at seven locations (S1 through S7); water samples and sediment
cores a maximum of 120 cm deep were obtained from three locations (S3, S4, and S7); and
storm water samples were obtained from three locations in an industrialized portion of NAS
Alameda (SW-1, SW-2, and SW-3). The storm sewer lines sampled drain to the Seaplane
Lagoon. Sample locations are shown on Figure 2-6.

® Screening bioassays were conducted on each surficial sediment sample. Bioaccumulation
studies and analyses of benthic populations for species diversity were performed for those
samples (S2, S3, S5, and S7) that exhibited significant effects in the bioassay testing.

2.2.4 Summary of Analytical Data

The results of the ecological assessment conducted in 1993 (PRC, 1994a) were reviewed to assess
the water and sediment quality within the Seaplane Lagoon and identify the distribution of
chemicals within the sediments. The review included assessment of the data presented in the report:
an independent assessment of the raw data was not conducted. The results of this review have been
used in later sections to select appropriate sampling locations for this treatability study.

To simplify the discussion of the data and identify the general distribution of chemicals in the water
and sediment, data summary tables provided in this section include the total concentrations of
PAHs, PCBs, organochlorine pesticides, and organotins detected in each sample based on the
analytical results presented in the report prepared for the ecological assessment (PRC, 1994).
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Specific metals are identified where appropriate. Samples were generally analyzed for semivolatile
organic compounds (SVOCs), with the primary SVOCs of concern being total PAHs.

2.2.4.1 Water Quality

Lagoon Water Samples. Water samples from sampling locations S3, S4, and S7 (Figure 2-6)
were analyzed for SVOCs, organochlorine pesticides, PCBs, total petroleum hydrocarbons (TPH),
total and dissolved metals, organotins, chemical oxygen demand, biological oxygen demand, total
suspended solids, dissolved organic carbon, total organic carbon, salinity, and dissolved oxygen.

Summary analytical results are presented in Table 2-2 and analytical results for the specific metals
detected are included in Table 2-3.

Dissolved metals were not identified in any of the water samples. The total metals detected are
chromium, lead, and zinc. The TPH concentration detected in these samples ranged from 1.6
milligram per liter (mg/]) in the sample from S3 to 1.3 mg/l in the sample from S7. PAHs,
organotins, organochlorine pesticides, and PCBs were not detected in the water samples

The salinity of each water sample was approximately 26.3 parts per thousand (ppt) and the
dissolved oxygen ranged concentration ranged from 7.6 mg/l in the sample from S7 to 9.8 mg/l in
the sample from Station S4. The biological oxygen demand of each sample was approximately 2
mg/l. Total suspended solids were identified at approximately 4 mg/l in each water sample. Total
organic carbon and dissolved organic carbon were not detected in the water samples.

Storm Water Samples. In 1993, storm water samples from sampling locations SW1, SW2 and
SW3 (Figure 2-6) were analyzed for SVOCs, organochlorine pesticides, PCBs, TPH, total and
dissolved metals, organotins, chemical oxygen demand, biological oxygen demand, total
suspended solids, dissolved organic carbon, and total organic carbon. The pH and dissolved
oxygen content of the water were measured in the field. Summary analytical results are presented
in Table 2-2 and analytical results for the specific metals detected are included in Table 2-3.

Total metals detected in the samples were cadmium, copper, lead, and zinc. Dissolved metals
detected were cadmium, lead, and zinc. The total organotin concentration ranged from not detected
in sample SW1 to 103 micrograms per liter (ug/l) in sample SW2; the organotins detected include
dibutyltin, tributyltin, and tetrabutyltin. The TPH concentration detected in these samples ranged
from 0.6 mg/l in sample SW3 to 1.4 mg/l in sample SW1. PAHs, organochlorine pesticides, and
PCBs were not detected in the storm water samples.

The pH of the storm water samples ranged from 7.0 in sample SW3 to 7.7 in sample SW1 and the
dissolved oxygen concentration ranged from 7.2 mg/l in sample SW1 to 9.9 mg/l in sample SW2.
The biological oxygen demand ranged from 4 mg/l in sample SW2 to 5 mg/l in samples SW1 and
SW3. Total suspended solids concentrations ranged from 5 mg/l in sample SW1 to 13 mg/l in
SW2 and SW3. Total organic carbon and dissolved organic carbon were detected at 3.6 mg/l in
sample SW3 but were not detected in the storm water samples from the other locations.

2.2.4.2 Sediment Quality

Surficial Sediments. Surficial sediment samples from S1 through S7 (Figure 2-6) were analyzed
for SVOCs, organochlorine pesticides, PCBs, TPH, metals, organotins, total organic carbon, and
percent solids. Summary analytical results for the surficial sediment samples are summarized in
Table 2-4 and analytical results for the specific metals detected are included in Table 2-5.

The sample from location S3, near outfalls G and H, contained the highest concentrations of
PAHs, organochlorine pesticides, PCBs, metals, TPH, and organotins identified in the surficial
sediment samples. The sample from S6, located near sewer outfalls I and J2 in the eastern portion
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of the lagoon. contained the second highest concentration of PAHs. The sample from S4, located
near sewer outfalls F and R, contained the second highest concentration of total PCBs. Aroclor-
1254 was the PCB isomer detected in surficial sediment samples from the Seaplane Lagoon. The
pesticides detected consist of alpha-chlordane; lindane: 4,4'-DDD: 4,4-DDE; and 4,4'DDT. The
organotins identified were dibutyltin and tributyltin.

The total organic carbon levels identified in the sediment samples ranged from 0.5 percent in S1 to

3.2 percent in S3. The percent solids identified ranged from 32.3 percent in S5 to 65.3 percent in
S1.

Sediment Toxicity. Sediment toxicity was characterized for surficial sediment samples from
locations St through S7 (Figure 2-6). Sediments from S2, S3, S5, and S7 caused significant
mortality (20 percent or greater) in the amphipod Eohaustorius estuarius. The percent survivals in
sediment samples were as follows: S1. 95 percent; S2. 56 percent: S3, 77.5 percent: S4, 92
percent: S5, 70 percent; S6, 85 percent: and 57, 75 percent. The overall survival was greatest for
test organisms exposed to sediments samples from Sl and S4. The overall lowest survival was
lowest for test organisms exposed to sediments from S2. All E. estuarius reburied in test sediments
from each station.

Exposure of juvenile worms, Naenthes arenaceodentata, to sediments from the Seaplane Lagoon
did not result in any significant reductions in survival or growth. Bioassays using the mussel
Mytilus edulis were also conducted on sediment samples from each station. The bioassays
consisted of exposing M. edulis larvae to elutriate prepared from the test sediment and measuring

the percentage survival of the larvae and the number of larvae that develop normally without
obvious malformations. Survival of larvae for each bioassay was greater than 89 percent and did

not differ statistically from survival measured in the control group. The proportion of larvae that
developed in a normal manner ranged from 96.7 percent to 100 percent. In a second test performed
on sediment samples from S2. the larvae exposed to the sediment elutriate showed a lower rate of
survival than the control group.

Bioaccumulation Studies. Based on toxicity testing performed using E estuarius, surficial
sediments from sampling locations S2. S3, S5, and S7 were selected for 28-day laboratory
bioaccumulation studies. Tissue samples of the clam, Mocoma nausuta, analyzed as part of the
bioaccumulation studies, were analyzed for SVOCs, organochlorine pesticides, PCBs, metals, and
organotins. The summary analytical results are presented in Table 2-6. Analytical data for specific
metals identified are included in Table 2-7.

Tissue samples from sampling location S3 contained the highest concentrations of total PAHs and
organochlorine pesticides. The sample from S2 contained the highest concentration of total PCBs.
The total concentrations of PAHs, organochlorine pesticides, and total PCBs detected were 3,767
micrograms per kilogram (ug/kg), 498 pg/kg, and 242 pg/kg, respectively. The pesticides detected
consisted of alpha-chlordane; lindane; 4,4'-DDD; and 4,4'-DDE. Aroclor-1254 was the PCB
mixture detected.

The concentration of total metals was similar in tissue samples from each location and ranged from
121 mg/kg to 143 mg/kg. The total concentration of organotins was also similar in tissue samples
and ranged from 31 mg/kg to 97 mg/ug. The organotins detected were tributyltin and dibutyltin.

Benthic Population_Studies. Based on toxicity testing performed using E estuarius, surficial
sediments from locations S2, S3, S5, and S7 were also selected for benthic population studies. An
average of 30 species was identified in sediments from S3: this was the highest number of species
identified in sediments from the four samples. The average number of species identified in
sediments from S2, S5, and S7 were 15, 15, and 17 respectively.
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Seventy-six percent of the benthic biota identified at the four locations were molluscs. Molluscs
also made up the majority of the biomass in samples from S3, S5, and S7. The three species
responsible were the clams Gemma gemma, Musculista senhousia, and Theora fragilis. The
majority of the biomass in the sample from S2 was composed of annelid worms even though
molluscs represented 79 percent of the individuals.

Sediment Core Samples. Sediment core samples from S3, S4, and S7 (Figure 2-6) were obtained
from the depths of 0 to 10 cm, 10 cm to 40 cm, 40 cm to 70 cm, and 85 cm to 95 cm. These
sediment samples were analyzed for SVOCs, organochlorine pesticides, PCBs, TPH, metals,
organotins, total organic carbon, percent solids, alpha radiation, and beta radiation. Summary
analytical results for sediment core samples from locations S3, S4, and S7 are summarized in

Tables 2-8, 2-9, and 2-10. Analytical results for the specific metals detected are included in Table
2-11.

PAHs, organochlorine pesticides, PCBs, metals, organotins, and TPH were de.ected in the
sediment core samples. In general, the highest chemical concentrations were detected near outfalls
in cores from locations S3 and S4. The concentration of the chemicals detected in cores from S3
and S4 varied with depth. Samples for the 10 to 40 cm and 85 to 95 cm depths generally exhibited
the highest chemical concentrations. The sediment cores from S7 did not exhibit this same variation
with depth. The pesticides detected consist of alpha-chlordane; lindane; 4,4'-DDD; 4,4'DDE; and
4.4'-DDT. Aroclor-1254 and Aroclor-1260 were the PCB mixtures identified in the sediment core
samples. The organotins detected include dibutyltin and tributyltin.

Total organic carbon levels ranged from 1.5 percent to 10 percent. Alpha radiation levels ranged
from not detected to 8 picocuries per gram (pCi/g). Beta radiation levels ranged from not detected
to 11 pCi/g. The percent solids ranged from 37 percent to 45 percent.

2.3 WEST BEACH LANDFILL, SITE 2

2.3.1 Site Description and History

The West Beach Landfill (Site 2) occupies approximately 110 acres in the southwestern corner of
NAS Alameda (Figure 2-1). It is bounded on the west and south by San Francisco Bay; to the
north and east the site is fenced from Perimeter Road and the Runway Area. The southwest portion
of the site is located in San Francisco County and the remainder of the site is located within
Alameda County. The landfill is surrounded by an earthen berm that is approximately 55 feet wide
and stands about 7 feet above the landfill surface. The refuse area is moderately to well vegetated.

A portion of this site was designated a wetland in 1985 (Figure 2-7). This portion of the site has
been created almost entirely of dredged material. Based on a full wetland delineation conducted in
1993, the jurisdictional wetlands encompass 16.9 acres with approximately 5.4 acres of open
water noted in the spring of 1992 (PRC, 1994b). The amount of open water varies with season
and rainfall. Generally, the wetland area increases and the open water area decreases during the dry
season; the water likely originates from seasonal ponding of precipitation, tidal bay water entering
the area via a 36-inch culvert, and groundwater. The water is brackish. Much of the wetland habitat
followed the five-foot contour interval.

2.3.1.1 Fill History

Construction of the seawall along the southern and western sides of Site 2 began in 1956 along
with the placement of hydraulic sand fill material. The average thickness, determined through
drilling, is 27 feet on the eastern side and 46 feet on the western side. Generally, the northern half
of the site and the northeastern portion of southern half have been used for disposal purposes since
that time; the remainder of the southern portion has been used for disposal of dredge spoils. In
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June 1985, the Navy notified the Regional Water Quality Control Board (RWQCB) that a slurry
wall had been installed along a portion of the western perimeter of the landfill to prevent seepage of
leachate into the bay. In 1986, an earthen berm approximately 15 feet wide and 5 feet high was
constructed around Site 2. (PRC, 1994b).

To comply with the requirements of Order No 83-85 from the RWQCB for the closure of the
landfill, the Navy constructed a cover for the landfill. Borrow material for the cover was initially
dredged from the southwestern portion of the site. However, in 1985 the Navy informed the
RWQCB that the southwestern portion of the landfill had been declared a wetland and use of this
area for borrow material was discontinued. In 1986, 20.000 cubic yards of imported material were
placed on the Iandfill. In December 1986, the Navy graded the cover to pre -ent ponding of water.

2.3.1.2 Disposal History

The West Bea °h Landfill received almost all of the waste generated by the t ase from 1952 through
March 1978 as well as minor amounts of wastes from other naval facilities in the San Francisco
Bay area, including the Oak Knoll Naval Hospital (now the Oakland Naval Hospital).
Approximately 1.6 million tons of waste were disposed of at the landfill and approximately 30,000
to 500,000 tons of this waste was considered hazardous. The waste disposal method consisted of
excavating a trench to approximately 20 feet bgs in the hydraulic fill and placing the waste material
in the trench. The wastes were spread and compacted by a bulldozer and were intermittently
covered with excavated soil. During the late 1970s, the primary disposal method changed to
excavating to the water table and then filling with waste.

Known materials that were disposed include waste chemical drums; municipal garbage. solvents:
oily waste and sludges; paint waste, strippers, thinners, and sludges; plating wastes; industrial
strippers and cleaners; acids; mercury; PCB-contaminated fluids and rags; batteries; low-level
radiological wastes; scrap metal: inert ordnance; creosote: dredge spoils; waste medicines and
reagents; spoiled food: asbestos: pesticides (solid and liquid); tear gas agent ortho-
chlorobenylidene malononitrile; and infectious waste. The estimated quantities of particular
materials that were disposed of in the landfill were presented in the E&E Initial Assessment Study.
Disposal of hazardous materials was discontinued by the early 1970s (HLA, 1978).

Disposal of all wastes ceased in March 1978 and the Navy proceeded with plans to close the
landfill as a class II disposal facility in accordance with applicable local and state regulations. As
part of these plans, several investigations (discussed in section 2.3.2) were conducted to evaluate
soil and groundwater quality. The disposal area is currently moderately to well vegetated with
grasses and supports a variety of wildlife (PRC, 1994a).

2.3.3 Previous Investigations

Investigations were conducted at Site 2 to evaluate soil and groundwater quality in support of
closure of the landfill as a Class II disposal facility. These investigations are described as follows:

e In 1977, Harding Lawson Associates (HLA) performed an investigation to evaluate whether
the landfill at Site 2 was in compliance with existing regulations and to make recommendations
to correct any deficiencies (HLA, 1978). The investigation included the installation of 20
borings (1 through 20) using a drilling rig or a hand auger. These borings were installed in and
around the landfill as shown on Figure 2-8. Borings 1 through 13 and 17 through 20 were
converted to monitoring wells. Two samples of bay water were also analyzed. The
groundwater and bay water samples were analyzed for oil and grease, selected metals, and
water quality parameters; the report of this investigation also included analytical results for
samples collected in 1976. Combustible gas measurements were obtained from monitoring
wells 1 through 12 and 17 through 19 and samples from selected wells were analyzed using
gas chromatography for oxygen, nitrogen. carbon dioxide, and five hydrocarbons including
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methane. Gas samples from other selected wells were also analyzed by gas chromatography for
oxygen, nitrogen, carbon dioxide. and methane. HLA also estimated seepage rates to the Bay

as part of this investigation. The results of this investigation are not discussed further in this
Work Plan.

* In July 1983, Ecology and Environment installed monitoring wells 20 through 25 within the
limits of the landfill in the locations shown on Figure 2-8. As part of this investigation,
groundwater samples from the newly installed monitoring wells and existing monitoring wells
3, 8,9, and 19 were collected and analyzed. These were the only previously installed wells that
could be located. The groundwater samples were analyzed for VOC, SVOCs, pesticides, and
metals. A magnetometer survey was also conducted as part of this investigation to investigate

the potential presence of buried drums. The resufts of this investigation are not discussed
further in this Work Plan.

* The initial Solid Waste Assessment Test (SWAT) investigation conducted at Site 2 by Canonie,
in 1990, included the installation of four borings (WB-1 to WB-4) into the late Pleistocene
estuarine deposits (Canonie, 1990). These borings were drilled at the northwestern,
northeastern, and southwestern corners of the landfill in the locations shown on Figure 2-8.
Soil samples from these borings were selectively analyzed for asbestos, SVOCs, VOCs,
metals, mercury, organochlorine pesticides, PCBs, pH, radiation, and total organic carbon.
The results of this investigation are not discussed further in this Work Plan.

e During a subsequent SWAT investigation in 1991, the PRC team collected 151 surface soil
samples (Figure 2-9); 12 wetland sediment samples (Samples 301SD through 312SD, Figure

2-7). 23 wetland surface water samples (Samples 301SW through 323SW, Figure 2-7); and
subsurface soil samples from Site 2 for chemical analysis. Surface soil samples were analyzed

for SVOCs, organochlorine pesticides, PCBs, total recoverable petroleum hydrocarbons
(TRPH), metals, and radionuclides. Wetland sediment samples were analyzed for each of these
constituents except radionuclides. Subsurface soil from the soil borings was also analyzed.
Samples from the fill material were analyzed for VOCs, SVOCs, organochlorine pesticides,
PCBs, TRPH, oil and grease, metals, asbestos, and radionuclides. Subsurface soil samples
collected from the late Pleistocene/Holocene alluvial/eolian deposits and Holocene estuarine
deposits (second water-bearing zone) were analyzed for VOCs, SVOCs, organochlorine
pesticides, PCBs, TRPH, oil and grease, metals, asbestos, and radionuclides. The results of
surface soil, sediment, and water sampling are discussed further in Section 2.3.6. The results
of subsurface sampling are not discussed further in this work plan.

* In 1993, PRC obtained surficial sediment samples of the top 10 cm of sediments from seven
locations (W1 through W7) and water samples from three locations (W2, W3, and W6); sample
locations are shown on Figure 2-7 (PRC, 1994). Bioassays were conducted on these samples.
Bioaccumulation studies and analyses of benthic populations for species diversity were

performed for those sediment samples (W4, W5, W6, and W7) that exhibited significant effects
in the bioassay.

2.3.4 Site/Geology and Hydrogeology

2.3.4.1 Geology

The primary geologic units encountered at Site 2 consist of artificial fill, Holocene Bay Mud, and
the late Pleistocene/Holocene deposits. The lateral and vertical relationships of these units at Site 2
are illustrated on the cross sections constructed in the locations shown on Figure 2-10 and
provided on Figures 2-11 and 2-12.

Site 2 is underlain by approximately 15 to 40 feet of fill material consisting primarily of poorly
graded sand, silty sands, and clays. The fill is thickest along the western boundary of Site 2. This
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unit is underlain by Holocene Bay Mud consisting mostly of silt and clay with sand lenses. In the
southwest comer of Site 2, the Holocene Bay Mud unit is silty sand with little or no clay. The
thickness of the Holocene Bay Mud varies from 5 to 40 feet (PRC and MW, 1995). The Holocene
Bay Mud is underlain by the late Pleistocene/Holocene deposits. These deposits consist of 25 to 60
feet of clayey sand to silty sand interbedded with clays and silts.

2.3.4.2 Hydrogeology

The first water bearing zone at Site 2 is unconfined and occurs within the fill materials overlying
the Holocene Bay Mud unit which acts as a confining layer between the first and second water
bearing zones. The second water-bearing zore occurs under confined conditions within the late
Pleistocene estuarine deposits beneath the Holocene Bay Mud. The clayey portion of the Holocene
Bay Mud is not present along the western corner of the site in the vicinity of monitoring well
cluster M-019; the hydraulic separation between the two water-bearing zones is possibly leaky in
this area.

The reported results of in situ slug tests performed in groundwater monitoring wells at Site 2
indicate that the hydraulic conductivity of the first water-bearing zone ranges from 5.2E-05
centimeter per second (cm/s) to 5.5E-02 cm/s and that the transmissivity of the second water-
bearing zone ranges from 3.8E-02 cm’/s to 3.04 cm’/s. Laboratory measurements of hydraulic
conductivities indicate lower hydraulic conductivities than measured with the slug tests. Laboratory
results for the first water bearing zone ranged from 3.1 E-08 cm/s to 1.5 E-05 cm/s and for the
second water-bearing zone ranged from 4.9 E-O9 cm/s to 3.1 E-08 cnv/s (PRC and MW, 1995).
Laboratory soil classifications and measured values of the moisture content, dry density, specific
gravity, cation exchange capacity, and effective stresses of selected subsurface soil samples from
Site 2 were also determined.

Potentiometric surface. or water level, contour maps constructed for Site 2 using data from the
1992 tidal influence study are presented as Figures 2 13 and 2-14 for the first and second water-
bearing zones, respectively. Elevation datum on these figures is mean lower low water (MLLW).
These contours indicate that groundwater flow directions in both the first and second water-bearing
zones are generally westernly, toward the Bay.

Tidal influence studies have been conducted to assess the magnitude and extent of tidal influences
on groundwater levels in the first water-bearing zone (fill material), and the second water-bearing
zone at Site 2. These studies were conducted during the monthly high and low tides (PRC and
MW, 1995).

The study completed at Site 2 included monitoring the water levels in six well clusters and an
additional nine shallow wells. The monitoring well clusters consist of well pairs M-O10A/M-
O10B; M-012A/M-012B; M-014A/M-014B; M-016A/M-016B; M-020A/M-020B. and M-
023A/M023B. The additional nine shallow wells monitored include M-Ol 1A, MO13A, MOISA, M-
017A, M-018A, M-019A, M-021A, M-022A, and M-024A. The shallow monitoring wells are
designated with an A and are completed in the artificial fill which comprises the first water-bearing
zone. The deep monitoring wells are designated with a B or C and are completed in the late
Pleistocene/Holocene deposits of the second waterbearing zone.

Figures 2-13 and 2-14 include bar graphs to illustrate the amount of tidal fluctuation measured at
each well. For graphical clarity, no bar graphs were presented for wells that had water level
fluctuations of less than 0.1 feet. Water levels in both water-bearing zones at Site 2 were tidally
influenced. In general, water levels in the second water-bearing zone wells responded more
quickly, but with less amplitude. to tidal influences than did the water levels in the first water-
bearing zone wells. The rapid response of the second water-bearing zone to tidal fluctuations is
primarily due to the confined nature of the zone.
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During the tidal influence study, a downward gradient between the first and second water-bearing
zones was observed at all cluster wells along the east margin of Site 2, with the exception of well
cluster M-O10. At well cluster M-O10, a potential upward vertical head of 0.35 feet was indicated.
The hydraulic head differences measured in well clusters M-020 and M023 reversed cyclically
during recorded tidal cycles. The reversal occurred when the water level in the first water-bearing

zone wells fluctuated with greater magnitude than did the water levels in the second water bearing
zone wells (PRC and MW, 1995).

The water levels in the bay, measured at Pier 4, fluctuated approximately 9 feet, from 7.69 feet
above MLLW at high tide, to 1.86 feet below MLLW at low tide during the duratior. of the tidal
influence study.

Vertical gradients between the first and second water-bearing zones were evaluated for well
clusters at Site 2 using water levels measured during three quarters of 1995 (January, April, and
July). In the eastern portion of Site 2 at well clusters M-010, M-012, and M-014, a downward
vertical gradient between the first and second water-bearing zones was observed at all well
clusters, except at well cluster M-010 where the vertical gradient was upward in April and July,

1995. It is assumed that tidal influence is the cause for the reversal of vertical gradient at well
cluster M-010.

Along the San Francisco Bay shore at Site 2 at well clusters M-020 and M-023, the vertical
gradient between the first and second water-bearing zones was downward most of the time, except
for well cluster M-020 in July and for well cluster M-023 in April. The hydraulic heads were equal
in monitoring wells M-020A and M-020B in January.

2.3.5 Summary of Analytical Data

The results of the ecological assessment conducted in 1993 (PRC, 1994a) and SWAT investigation
conducted in 1991 (PRC, 1994b) were reviewed to assess the water and sediment quality within
the West Beach Landfill Wetlands and identify the distribution of chemicals. The review included
assessment of the data presented in the reports; an independent assessment of the raw data was not
conducted. The results of this review have been used in later sections to select appropriate
sampling locations for this treatability study.

To simplify the discussion of the data and identify the general distribution of chemicals in the water
and sediment, data summary tables (Tables 2-12 through 2-16) provided in this section include the
total concentrations of PAHs, PCBs, organochlorine pesticides, and organotins detected in each
sample based on the analytical results presented in the report prepared for the ecological assessment
(PRC, 1994). Specific metals are identified where appropriate. Although samples were generally
analyzed for SVOCs, the primary SVOCs of concern are PAHs and the discussion below is limited
to the total PAH concentrations identified.

2.3.5.1 Surface Water Quality

During the SWAT investigation, 23 wetland surface water samples (Samples 301SW through
323SW, Figure 2-7) were analyzed for VOCs; SVOCs; organochlorine pesticides; PCBs; TPH;
metals; total organic carbon; the anions chloride, fluoride, and sulfate; and the physical parameters
acidity, alkalinity, hardness, total dissolved solids, specific conductivity, and temperature. With
the exception of acetone, chloromethane, and methylene chloride which are common laboratory
contaminants, VOCs were not detected in the samples. No PAHs, organochlorine pesticides, or
PCBs were detected and TPH was only detected in one water sample (323SW) at 0.3 mg/l. No
anomalous metals concentrations were noted. Specific analytical results for metals, total organic
carbon, anions, and physical parameters are presented in the SWAT report (PRC, 1994b).
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During the ecological assessment, water samples from three locations (W2, W3, and W6 shown
on Figure 2-7) were analyzed for SVOCs, organochlorine pesticides, PCBs, TPH, total and
dissolved metals, organotins, chemical oxygen demand, biological oxygen demand, total
suspended solids, dissolved organic carbon, and total organic carbon. The summary analytical
results are presented in Table 2-12.

PAHs, organotins, organochlorine pesticides, PCBs, and dissolved metals were not detected in the
surface water samples collected during the ecological assessment. Total metals were only detected
in the surface water sample from location W3; beryllium was the only metal detected and the
concentratior was 3 pg/l. The chemical oxygen demand ranged from 680 mg/l in the sample from
location W4 to 847 mg/l in the sample from W 3; the biological oxygen demand ranged from 3 mg/l
in the sample from W3 to 11 mg/l in the sample from W4, total suspended solids ranged from 8
mg/! in the sample from W2 to 12 mg/l in the sample from W4, total organic carbon ranged from
13 mg/l in tt.e samples from W3 and W+ to 27 mg/l in the sample from V.2; and dissolved organic
carbon ranged from 12 mg/l in samples from W3 and W4 to 25 mg/l in the sample from W2.

2.3.5.2 Surface Soil and Sediment Quality

Surface soil samples collected from 150 locations within the West Beach Landfill (samples A-201
through N-210) were analyzed for SVOCs, organochlorine pesticides, PCBs, TRPH, metals, and
radionuclides. The distribution of total PAHs, total PCBs, and total organochlorine pesticides are
shown on Figures 2-15, 2-16, and 2-17, respectively. These figures show no discernable pattern
of a source to the wetlands. and is consistent with chemical transport by overland erosion or by the
chemicals being present on fill soils. The data are summarized as follows:

e The concentrations of total PAHs (Figure 2- 15) ranged from not detected to 17,380 pg/kg in
the soil sample from location F-200: the distribution of total PAHs in these soil samples was
irregular. In general, most concentrations were below 1,000 pg/kg; only 12 samples contained
total PAH concentrations greater than 1,000 pg/kg.

e The concentrations of total PCBs (Figure 2-16) ranged from not detected to 4,000 pg/kg in the
soil sample from location C-206. The distribution of total PCBs in the surface soil samples was
irregular. In general. most concentrations were below 400 ug/kg; only three soil samples
contained total PCBs at concentrations greater that 1,000 pg/kg. The PCB mixtures detected
were Aroclor- 1248 and Aroclor- 1260.

e The concentrations of total organochlorine pesticides (Figure 2- 1 7) ranged from not detected
to 675 ug/kg in the soil sample from location D-205. The distribution of total organochlorine
pesticides in the surface soil samples was irregular. The pesticides detected include 4,4'-DDD;
4.4'-DDE: 4,4-DDT; dieldrin; endrin; endrin ketone; heptachlor; heptachlor epoxide; alpha-
chlordane; and lindane.

e TRPH was identified in the majority of the surface soil samples; only eight soil samples
contained TRPH at concentrations greater than 1,000 mg/kg. Of the metals analyzed, only
arsenic. cadmium, copper, and mercury exceeded the typical range for metals in soil; the
concentrations were within the limits for the extreme range. Gross alpha radiation levels ranged
from not detected to 14.1 pCi/g; gross beta radiation levels ranged from not detected to 12.5
pCi/g: radium-226 levels ranged from 0.6 pCi/g to 13.0 pCy/g; and radium 228 levels ranged
from not detected to 1.0 pCv/g.

Wetland sediment samples collected from locations 301SD through 312SD within the West Beach
Landfill Wetland (Figure 2-7) were analyzed for VOCs, SVOCs, organochlorine pesticides, PCBs,
TRPH, and metals. With the exception of acetone, a common laboratory contaminant, no VOCs
were identified in the sediment samples. Fluoranthene and pyrene were the only PAHs identified in
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the sediment samples. The total concentrations ranged from not detected to 480 pg/kg in sample
304SD. The only pesticides identified were 4,4'-DDD; 4,4'-DDE; and 4,4-DDT; the total

concentration ranged from not detected to 898 pg/kg in sample 304SD. Aroclor-1260 was the only

PCB isomer identified, the maximum concentration was 260 pg/kg in the duplicate sample from

location 310SD. TRPH concentrations ranged from not detected to 85.8 mg/kg in sample 309SD.
Of the metals analyzed, only arsenic and mercury exceeded the typical range for background

concentrations of metals, although these concentrations were within the limits for the extreme
range.

During the ecological assessment, surficial wetland sediment samples from seven locations (W1
through W7 shown on Figure 2-7) were analyzed for SVOCs, organochlorine pesticides, PCBs,
TPH, metals, organotins, total organic carbon, and percent solids. The summary analytical results
are presented in Table 2-13, analytical results for snecific metals identified in the samples are
included in Table 2-14. The following is a summary o1 the analytical results:

e Total PAH concentrations in these wetland sediment samples ranged from not detected in the
sample from W2 to 2,600 pg/kg in the sample from W6.

® The total concentration of PCBs ranged from not detected to samples from W1 and W2 to 435
pug/kg in sample from WS5; the PCB mixtures detected include Aroclor- 1254 and Aroclor-
1260.

® The total concentration of pesticides detected ranged from not detected in samples from W1 and

W2to 16 pg/kg in the sample from W5. The pesticides detected in the samples include 4,4'-
DDE and alpha chlordane.

e The TPH concentrations ranged from not detected in samples from W1, W2, and W3 to 543
mg/kg in the sample from W6.

® The total metals concentrations detected in wetland sediment samples ranged from 112 mg/kg
to 572 mg/kg.

® The total organic carbon levels ranged from 0.3 percent in the sample from W 1 to 1.1 percent
in the sample from W4.

e The percent solids values ranged from 46.3 percent in the sample from W6 to 81.3 in the
sample from W 1.

® Organotin data were not included in the information supplied to UCB.

Sediment Toxicitv. Sediment toxicity was characterized for sediment samples from locations W1
through W7 (Figure 2-7). Sediments from W4, W5, W6, and W7 caused significant mortality (20
percent or greater) in the amphipod Eohaustorius estuarius; the lowest rate of survival was for
organisms exposed to sediments from W4. The percent survivals were as follows: W1, 96.7
percent; W2, 97 percent; W3, 98.3 percent; W4, 34 percent; W5, 49.2 percent; W6, 51 percent;
and W7, 78 percent. Reburial of E. estuarius exposed to sediments from each location ranged from
96 percent to 100 percent. Exposure of juvenile worms, Naenthes arenaceodentata, to sediments
from the West Beach Landfill Wetland did not result in any significant reductions in survival or
growth.

Bioaccumulation Studies. Based on toxicity testing performed using E. estuarius and the results of
chemical analyses, locations W4, W5, W6, and W7 were selected for bioaccumulation studies.
Tissue samples of the clam, Macoma nausuta, analyzed as part of the bioaccumulation studies were
analyzed for SVOCs, organochlorine pesticides, PCBs, metals, and organotins. The summary
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analytical results are presented in Table 2-15 and analytical data for specific metals identified are
summarized in Table 2-16.

Tissue samples from location W5 contained the highest concentrations of organochlorine
pesticides. PCBs, and metals: concentrations detected were 83 ug/kg. 426 ug/kg. and 140 mg/kg,
respectively. The pesticides detected consisted mixtures of lindane; 4,4-DDD; and 4.4'-DDE.
Aroclor-1254 and Aroclor-1260 were the PCBs detected. PAHs were not detected in any of the
tissue samples. Organotins were identified in tissue samples from W4 and W7. Dibutyltin was the
only organotin identified.

Benthic Population Studies. Based on toxiciy testing performed using E. estuarius and the results
of chemical analyses. locations W4, W5, W6, and W7 were selected for benthic population
studies. An average of two species were identified in sediments from each West Beach Landfill
Wetland sediment sample. The greatest number of species identified was in sediments from
location W4 (eight species) and the smalle.t number of species identified was in sediments from
location W35 (two species). The most common species identified were unidentified oligochaete
worms and the polychaete worms Polvdora cormuta and Cuapitella capitata. The biomass of the
benthic organisms within these sediments was dominated primarily by three common oligochaete
and polychaete worms. Mean abundance estimates averaged about 14 organism per station and the
overall diversity was low.
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‘Table 2.1 Summary of Sources of Hazardous Materials near Seaplane Lagoon

Source. PRC 2/94

Building Description

Documented Chemicals Used

Comments

IRP Site Huilding
6 41

8 114

1o 400

t 14

8

Hangar
Arrcraft Maintenance

Maintenance Shop

Paimt Shop

Sicam Cleaning Shop

Storage Facilty for Pesticides and
Herbendes

Pt Shop
Cleaning Shop
Previous Misstle Rework Facility

Engine test cell

Storm sewer system
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PD6BO (petroleum hydrocarbon solvent)
Trichlorofluoroethance

liydraulic Ot
Trichloroethane
Paint wastes

Used Hydraulic Oils
Dry Cleaner

chlordane
lindane
DOT
matathion
diazinon
telvar
chiorvar
24-D
Roundup
Princep
Krovar }

sludge

metal shavings
paint strippers
cleaning solvents
oils and grease
heavy metals
phenols

mercury

plating bath dumps
paints

paint sirippers
pesticides/herbicides
oils and grease
cleaning solvents

PCB contaminated oils

Discharge to Outfall to

Storm Drain Scaplane
l.agoon

Storm Prain Seaplane
Lagoon

Industrial wastewater
collection sysiem

"Seaplane
l.agoon

no wocumented spills or signs of
contamination

no discharge 1o combined system but
adjacent storm drain collects runoff from site

possible discharge of rinse waters into
existing EBMUD wastewaier sysiem

1,000 liters per day of wastewater from steam
clcaning,‘raim stripping and painting were
discharged directly to storm drains

contents of mlfunc(ionini
separator pits were routinely dumped at the
West Beach Landfill {(She 2)

Unireated wastewater was discharged 10
industrial wastewater coflcclion system

Wastes were deposited at West Beach Laadfilt
(Site 2)

Laboratories have had mercury spills in the
past. Wasie generated from cleanup was
disposed of at West Beach Landfill (Site 2)

old underground fuel storage tanks are
ptesent at site

The storm sewer system is reported 10 be in
poor condition and may leak.

Untreated wastes were discharged to system
prios to 1975, since that time these
wastewalters have been discharged to the
separated sanitary sewer system

Intrinsic Sediment Processes Study
February 1997



TABLE 2-2

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
WATER SAMPLES
SITE 17, SEAPLANE LAGOON

LAGOON WATER SAMPLES STORM WATER SAMPLES
Sampling Station Sampling Station
S3 S4 S7 Swi SwW2 SW3

TOTAL PAHS (ug/) ND ND ND " ND ND ND
TOTAL METALS (ug/l) 97 100 134 191 90 143
TOTAL DISSOLVED METALS (ug/t) ND ND ND 136 62 71
TOTAL ORGANOTINS (ug/l) ND ND ND ND 103 0.02
TPH (mght) 1.6 1.7 1.8 1.4 0.7 0.6
ORGANOCHLORINE PESTICIDES AND PCBS (1g/1) ND ND ND ND ND ND
MISCELLANEOUS MEASUREMENTS

Biological Oxygen Demand (mg/1) 2 2 1.7 5 4 5

Total Suspended Solids (mg/l) 4 4 4 5 13 13
TOTAL ORGANIC CARBON

Dissolved Organic Carbon (mg/l) ND ND ND ND ND 3.6

Total Organic Carbon (mg/) ND ND ND ND ND 3.6
CHARACTERISTIC MEASUREMENTS

Salinity (ppt) 26.3 26.3 26.3 NA NA NA

Dissolved Oxygen (mg/l) 8.7 9.8 7.6 7.2 9.9 8.4

pH (-) NA NA NA 7.7 7.6 7.0

Notes:
ND: Not Detected
NA: Not Analyzed
Source:
PRC, 1994a
Ecological Assessment

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Work Plan, Draft Final February 1997

( ( | (



TABLE 2-3

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
WATER SAMPLES

SITE 17, SEAPLANE LAGOON

METALS DATA
LAGOON WATER SAMPLES STORM WATER SAMPLES
Sampling Station Sampling Station
S3 sS4 S7 SwW1 sw2 SW3

TOTAL METALS

Cadmium (ng/l) ND ND ND 8 ND ND

Chromium (ng/t) ND 50 8 ND ND ND

Copper (ugft) ND ND ND 19 ND 8

Lead (ng/l) 3 2 3 12 13 15

Zinc (pg/)) 94 48 123 160 77 120

TOTAL 97 100 134 199 90 143
TOTAL DISSOLVED METALS

Cadmium (pug/l) ND ND ND 5 ND ND

Lead (ug/l) ND ND ND 3 ND ND

Zinc (ng/l) ND ND ND 128 62 71

TOTAL ND ND ND 136 62 71

Notes:

ND: Not Detected
Source:

PRC, 1994a

Berkeley Environmental Restoration Center
Work Plan, Draft Final

Intrinsic Sediment Processes Study

February 1997



TABLE 2-4

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SURFICIAL SEDIMENT SAMPLES
SITE 17, SEAPLANE LAGOON

Sampling Station

st S2 S3 s4 S5 S6 s7
TOTAL PAHS (1g/kg) 473 1,528 43,147 1,701 1,345 11,943 1,394
TOTAL METALS (mg/kg) 358 419 1,383 514 602 545 509
TOTAL ORGANOTINS (;1g/kg) 7 8 330 23 7 22 0
TPH (mg/kg) 225 160 3,373 697 203 3,747 139
TOTAL ORGANOCHLORINE PESTICIDES (1g/kg) 13 5 238 17 4 47 2
TOTAL PCBS (ug/kg) 212 84 798 385 119 182 119
PERCENTAGE SOLIDS (%) 65 55 39 62 32 51 Y]
TOTAL ORGANIC CARBON (%) 1 1 3 1 2 1 1

Source:
PRC, 1994a

Intrinsic Sediment Processes Study

Berkeley Environmental Restoration Center
February 1997

Work Plan, Draft Final

( ( | (



TABLE 2-5

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SURFICIAL SEDIMENT SAMPLES
SITE 17, SEAPLANE LAGOON

METALS DATA

Sampling Station

S1 S2 S3 S4 S5 S6 S7
TOTAL METALS

Antimony (mg/kg) 13.8 0.7 39.8 17.1 33.1 19.8 30.3
Arsenic (mg/kg) 4.1 6.0 10.9 4.1 12.6 7.3 11.2
Beryllium (mg/kg) ND 0.3 0.3 0.2 0.4 0.2 0.4
Cadmium (mg/kg) 3.5 0.5 28.2 2.2 2.8 4.0 0.5
Chromium (mg/kg) 130.0 113.3 400.0 223.3 182.5 166.7 165.0
Copper (mg/kg) 29.8 41.3 132.5 36.6 66.6 54.0 56.5
Lead (mg/kg) 37.1 33 342.5 73.7 40.9 69.6 32.6
Mercury (mg/kg) 0.26 0.39 0.81 0.27 0.55 0.36 0.46
Nickel (mg/kg) 36.8 63.3 81.8 41.9 82.3 62.3 73.8
Selenium (mg/kg) ND 0.2 0.4 ND 0.2 ND ND
Silver (mg/kg) 0.7 0.5 6.1 3.9 0.4 0.8 0.4
Thallium (mg/kg) ND ND ND ND ND ND ND
Zinc (mg/kg) 101.5 160 340 111.1 180 160 137.4
TOTAL 358 419 1,383 514 602 545 509

Notes:

Source:

ND: Not Detected

PRC, 1994a

Berkeley Environmental Restoration Center
Work Plan, Draft Final

Intrinsic Sediment Processes Study

February 1997



TABLE 2-6

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
TISSUE SAMPLES FROM LABORATORY BIOACCUMULATION STUDIES
SITE 17, SEAPLANE LAGOON

Sampling Station

S2 S3 S5 S7
TOTAL PAHS (ug/kg) ND 3,767 ND ND
TOTAL METALS (mg/kg) 143 128 126 121
TOTAL ORGANOTINS (ug/kg) 82 71 97 31
TOTAL ORGANOCHLORINE PESTICIDES (ug/kg) 18 498 ND ND
TOTAL PCBS (ug/kg) 278 242 ND ND
Notes:

ND: Not Detected

Source:

PRC, 1994a

Intrinsic Sediment Processes Study

Berkeley Environmental Restoration Center
February 1997

Work Plan, Draft Final

( ( (



TABLE 2-7
SUMMARY OF PREVIOUS ANALYTICAL RESULTS
TISSUE SAMPLES FROM LABORATORY BIOACCUMULATION STUDIES
SITE 17, SEAPLANE LAGOON

METALS DATA

Sampling Station

S2 S3 S5 S7
TOTAL METALS
" Arsenic (mg/kg) 21.2 21.6 22.3 22.8
Chromium (mg/kq) 3.2 ND ND ND
Copper (mg/kg) 11.9 11.1 10.1 10.8
Lead (mg/kg) 2.9 5.3 1.6 1.2
Mercury (mg/kg) 0.2 0.1 0.1 0.1
Nickel (mg/kg) 3.8 6.7 3.5 4.2
Zinc_(mg/kqg) 99.9 83.6 88.7 82.3
TOTAL 143 128 126 121
Notes:
ND: Not Detected
Source:
PRC, 1994a

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study

Work Plan, Draft Final February 1997



TABLE 2-8

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SEDIMENT CORE SAMPLES, SAMPLING STATION S3
SITE 17, SEAPLANE LAGOON

Sampling Depth (cm)

0-10 10-40 40-70 85-95

TOTAL PAHS (ug/kg) NDA 23,840 92,930 54,470
TOTAL METALS (mg/kq) 1,561 5,366 2,974 10,607
TOTAL ORGANOTINS (ug/kg) 320 480 97 310
TPH (mg/kg) 4,200 390,000 26,000 180,000
TOTAL ORGANOCHLORINE PESTICIDES (.g/kg) 321 5,480 678 2,873
TOTAL PCBS (ug/kg) 1,231 12,051 3,867 8,108
PERCENTAGE SOLIDS (%) 39 39 45 37
TOTAL ORGANIC CARBON (%) 3.7 10.0 4.5 6.2
ALPHA RADIATION (pCi/gm) ND 1 ND ND
BETA RADIATION (pCi/gm) 1 5 ND 3
Notes:

NDA: No Data in Amendment

ND: Not Detected
Source:

PRC, 1994a

Berkeley Environmental Restoration Center
Work Plan, Draft Final

( (

Intrinsic Sediment Processes Study

February 1997

(



TABLE 2-9
SUMMARY OF PREVIOUS ANALYTICAL RESULTS

SEDIMENT CORE SAMPLES, SAMPLING STATION S4
SITE 17, SEAPLANE LAGOON

Sampling Depth (cm)

0-10 10-40 40-70 85-95

TOTAL PAHS (iig/kg) NDA 5,480 3,540 8,990
TOTAL METALS (mg/kg) 1,597 5,024 3,531 4,983
TOTAL ORGANOTINS (ng/kg) 196 204 62 72
TPH (mg/kg) 1,800 61,000 10,000 89,000
TOTAL ORGANOCHLORINE PESTICIDES (ug/kg) 103 482 432 521
TOTAL PCBS (1g/kg) 2,211 6,000 5,000 6,564
PERCENTAGE SOLIDS (%) 38 45 34 39
TOTAL ORGANIC CARBON (%) 2.5 5.1 5.5 5.5
ALPHA RADIATION (pCi/gm) 1 8 1 8
BETA RADIATION (pCi/gm) 5 11 4 20
Notes:

NDA: No Data in Amendment
Source:

PRC, 1994a

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study

Work Plan, Draft Final February 1997



SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SEDIMENT CORE SAMPLES, SAMPLING STATION S7
SITE 17, SEAPLANE LAGOON

TABLE 2-10

Sampling Depth (cm)

0-10 10-40 40-70 85-95
TOTAL PAHS (ug/kg) NDA 430 2,450 1,270
TOTAL METALS (mg/kg) NDA NDA NDA NDA
TOTAL ORGANOTINS (1g/kg) 0 47 150 41
TPH (mglkg) 99 85 190 840
TOTAL ORGANOCHLORINE PESTICIDES (11g/kg) ND ND 7 18
TOTAL PCBS (ug/kg) 97 228 457 682
PERCENTAGE SOLIDS (%) 38 43 44 44
TOTAL ORGANIC CARBON (%) 1.5 1.6 1.8 2.1
ALPHA RADIATION (pCi/gm) ND 2 ND 1
BETA RADIATION (pCligm) 3 7 2 7

Notes:
NDA: No Data in Amendment
ND: Not Detected

Source:
PRC, 1994a

Berkeley Environmental Restoration Center
Work Plan, Draft Final

(

Intrinsic Sediment Processes Study
February 1997

(



TABLE 2-11

SUMMARY OF PREVIOUS ANALYTICAL RESULTS

SEDIMENT CORE SAMPLES
SITE 17, SEAPLANE LAGOON

METALS DATA

Sampling Station S3
Sampling Depth (cm)

Sampling Station S4
Sampling Depth (cm)

0-10 10-40 40-70 85-95 0-10 10-40 40-70 85-95
TOTAL METALS

Antimony (mg/kg) 36.0 31.6 41.3 37.4 341 41.6 52.8 491
Arsenic (mg/kg) 14.3 11.1 17.8 7.4 10.5 9.6 9.1 8.8
Beryllium (mg/kg) ND ND ND ND ND 0.25 ND ND
Cadmium (mg/kg) 29 230 110 1,400 96.22 440 260 330
Chromium (mg/kg) 320 880 650 2,900 600 2100 1500 1900
Copper (mg/kg) 150 350 210 620 94.45 170 150 140
Lead (mg/kg) 440 2,800 1,100 4,000 300 900 569.82 1000
Mercury (mg/kg) 0.7 1.8 1.6 2.6 0.3 1.4 1.4 0.9
Nickel (mg/kg) 120 170 130 110 89 130 130 130
Selenium (mg/kg) 0.32 0.30 0.30 ND 0.32 0.76 0.99 0.39
Silver (mg/kg) 0.65 21.44 12.58 130.00 12.12 30.86 27.61 23.58
Thallium (mg/kg) ND ND ND ND ND ND ND ND
Zinc_(mg/kg) 450 870 700 1,400 360 1,200 830 1,400
TOTAL 1,561 5,366 2,974 10,607 1,597 5,024 3,531 4,983

Notes:

Source:

Berkelcy Environmental Restoration Center

ND: Not Detected

PRC, 1994a

Work Plan, Draft Final

Intrinsic Sediment Processes Study

February 1997



TABLE 2-12

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SURFACE WATER SAMPLES

SITE 2, WEST BEACH LANDFILL

Sampling Station

W2 w3 W4
TOTAL PAHS (ug/t) ND ND ND
TOTAL METALS (ug/l) ND 3 ND
TOTAL ORGANOTINS (ug/t) ND ND ND
TPH (mg/l) ND ND ND
ORGANOCHLORINE PESTICIDES AND PCBS (ug/) ND ND ND
MISCELLANEOUS MEASUREMENTS
Biological Oxygen Demand (mg/l) 4 3 11
Total Suspended Solids (mg/l) 8 12 10
TOTAL ORGANIC CARBON
Dissolved Organic Carbon (mg/l) 25 12 12
Total Organic Carbon (mg/l) 27 13 13

Notes:

ND: Not Detected
Source:

PRC, 1994b

Berkeley Environmental Restoration Center
Work Plan, Draft Final

(

Intrinsic Sediment Processes Study

February 1997

(



TABLE 2-13

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SURFICIAL SEDIMENT SAMPLES
SITE 2, WEST BEACH LANDFILL

Sampling Station

w1 w2 w3 w4 W5 w6 w7

TOTAL PAHS (jg/kg) 1,893 0 1,268 1,477 1,972 2,565 1,291
TOTAL METALS (mg/kg) 112 131 156 572 516 308 327
TOTAL ORGANOCHLORINE PESTICIDES (19/kg) ND ND 1 10 16 4 8
TOTAL PCBS (1g/kg) ND ND 25 314 435 59 194
Notes:

ND: Not Detected
Source:

PRC, 1994b

Berkcley Environmental Restoration Center Intrinsic Sediment Processes Study

Work Plan, Draft Final February 1997



TABLE 2-14
SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SURFICIAL SEDIMENT SAMPLES
SITE 2, WEST BEACH LANDFILL

METALS DATA

Sampling Station

w1 w2 w3 w4 W5 W6 w7
TOTAL METALS :

Antimony (mg/kg) ND ND ND 0.7 ND ND ND
Arsenic (mg/kg) 1.6 1.7 2.5 9.9 11.8 71 7.3
Beryllium (mg/kg) 0.2 0.2 0.3 0.9 0.8 0.6 0.5
Cadmium (mg/kg) 0.1 0.2 0.3 1.5 0.5 0.3 0.4
Chromium (mg/kg) 60.5 66.0 71.5 139.7 140.5 100.3 98.7
Copper (mg/kg) 4.3 5.8 9.1 54.0 48.0 25.0 28.7
Lead (mg/kg) 1.9 2.6 6.8 57.7 49.5 18.3 24.3
Mercury (mg/kg) 0.01 0.01 0.04 0.65 0.74 0.25 0.24
Nickel (mg/kg) 22.8 29.5 32.3 96 88.5 59 55
Selenium (mg/kg) ND ND ND 0.3 0.4 0.2 0.2
Silver (mg/kg) ND ND ND 1 0.7 ND ND
Thallium (mg/kg) ND ND ND ND ND ND ND
Zinc_(mg/kg) 20.8 25 33.5 210 175 96.7 112
TOTAL 112 131 156 572 516 308 327

Notes:

Source:

ND: Not Detected

PRC, 1994b

Berkeley Environmental Restoration Center
Work Plan, Draft Final

(

Intrinsic Sediment Processes Study

February 1997

(



TABLE 2-15

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
TISSUE SAMPLES
SITE 2, WEST BEACH LANDFILL

Sampling Station

w4 w5 w6 w7
TOTAL PAHS (ug/kg) ND ND ND ND
TOTAL METALS (mg/kg) 131 140 108 108
TOTAL ORGANOTINS (ug/kg) 97 ND ND 67
TOTAL ORGANOCHLORINE PESTICIDES (1g/kg) 61 83 ND ND
TOTAL PCBS (ng/kg) 358 426 ND 254

Notes:
ND: Not Detected

Source:
PRC, 1994b

Intrinsic Sediment Processes Study

Berkeley Environmental Restoration Center
February 1997

Work Plan, Draft Final



TABLE 2-16

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
TISSUE SAMPLES

SITE 2, WEST BEACH LANDFILL

METALS DATA

Sampling Station

w4 W5 W6 w7
TOTAL METALS
Arsenic (mg/kg) 21.2 21.4 20.2 12.5
Copper (mg/kg) 10.3 1.1 15.6 15.0
Lead (mg/kg) 1.8 2.6 1.1 1.2
Mercury (mg/kg) 0.1 0.1 0.1
Nickel (mg/kg) 4.6 6.1 ND ND
Zinc_(mg/kg) 93.3 98.2 70.8 79.3
TOTAL 131 140 108 108
Notes:
ND: Not Detected
Source:
PRC, 1994b

Berkeley Environmental Restoration Center
Work Plan, Draft Final

(

Intrinsic Sediment Processes Study
February 1997

(
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San Francisco Bay
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Artificial Fill:
The fill material in the vicinity of NAS Alameda consists of silty sand to sand with
inclusions of clays and/or gravels. The fill consists of dredge spoils from the

surrounding San Francisco Bay, the Seaplane Lagoon, and the Jakland Channel. The
fill was hydraulically emplaced.

Contact Between Fill and Holocene Bay Mud Unit:
The contact is identified by a lithology change from silty sand to sand to, in certain

focations, silty ciay to clayey sand with abundant shells or an increased quantity of
shell hash material.

Holocene Bay Mud:

The Holocene Bay Mud Unit in the vicinity of NAS Alameda consists of black to gray,
clay to silty clay with clayey sand to sands.

Late Pleistocene/Holocene Alluvial Eolian Deposits:

The eolian deposits in the vicinity of NAS Alameda consist of yellow-brown, fine-grained
sand to silty sand. The alluvial deposits in the vicinity of NAS alameda consist of dark
olive gray to gray, silty sand to clayey sand to fine-sand with clay stringers.

Contact Between the Late Pleistocene/Holocene Alluvial/Eolian Deposits and

Late Pleistocene Estuarine Deposits:

The contact is identified by an unconformity detined by a definite color and lithology change
from dark olive gray to gray for the alluvial deposits or yellow-brown silty or clayey sand to
sand for the eolian deposits to dark greenish gray to gray, organic silty clay.

Late Pleistocene Estuarine Deposits:

The estuarine deposits in the vicinity of NAS Alameda consist of a dark greenish-gray to
gray, very stiff, organic, silty clay.

NAVAL AIR STATION ALAMEDA
ALAMEDA,CALIFORNIA

IDEALIZED STRATIGRAPHICCOLUMN
FOR ALAMEDAAREA
FIGURE 2-2

BERKELEY ENVIRONMENTAL RESTORATION CENTER
UNIVERSITY OF CAUFORNIA, BERKELEY

Source: PRC, 1995
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3.0 OVERVIEW OF PROPOSED PROJECT FOR INTRINSIC
SEDIMENT PROCESSES STUDY

This section of the Work Plan provides an overview of the Berkeley Environmental Restoration
Center's approach for the conduct of site characterization and treatability studies for the sediments
in the Seaplane Lagoon and in the West Beach Landfill Wetlands area. These studies are in support
of the Navy’s program to conduct feasibility studies for Site 2 and for Site 17 at NAS Alameda
(see Section 1.4). The objectives of this project are as follows:

]. Assessment of chemical migration pathways and toxicity ir sediments
2. Evaluation of the time-scale for intrinsic remediation processes
3. Evaluation of selected issues associated with remedial strategies

At the time of the preparation of the work plan, the risks associated with specific chemicals present
in lagoon or wetland sediments have not been determined by the Navy. Based on data from
previous investigations, the chemicals of potential concern as identified by the Navy are metals.
PCBs and PAHs; these chemicals also have been of concern in sediments at other sites. While
there is literature that generally describes the behavior of these chemicals in sediments, the
environmental settings of the Seaplane Lagoon and the West Beach Landfill Wetlands are unique in
terms of depositional history and chemical constituent distribution compared to the literature
information. Therefore, a site-specific understanding of how these chemicals are behaving, or may
behave in the future, is important for selecting remedial actions - especially if an option that
includes leaving sediments in place is to be considered.

A number of studies will be conducted by BERC to address topics of geochemistry, toxicity,
bioavailability, water flow, and the transformation of chemicals in sediments. A major focus of the
studies is to elucidate the processes that currently control the site-specific transformation and
transport of chemicals in undisturbed sediment systems. These studies then will help define the
extent to which “intrinsic processes™ in the undisturbed sediments control the toxicity, availability,
or concentrations of chemicals in exposure pathways. Toxicity and bioaccumulation tests will also
be conducted, with these empirical data then related to the composition and geochemistry of the
pore water sediment. Knowledge of the geochemistry is also important for an evaluation of the
potential for release of chemicals should the sediment be disturbed. Other studies related to
methane generation in sediment and water flow are important for their implications to remedial
options such as capping. This information will be contained in individual technical reports, and
then summarized and integrated in a final report to the Navy.

The studies by BERC will employ a limited sampling effort focused on what is considered to be
the more contaminated areas of the sites. The individual studies will then test and apply the
methods to accomplish the above objectives at these locations, with some emphasis on how
conditions and processes may vary in the sediment profile. As required, the methods developed
and applied in this project can be used later in an expanded investigation to further define the lateral
and vertical site characteristics for decisions regarding risk and remedial options, including
sediment removal.

3.1 BACKGROUND FOR APPROACH

The chemicals in sediments are present through association with particulate matter that settle out
from the overlying water column. In the marine systems, the dynamics of particle movement are
controlled by fresh water inflow, tidal currents, wind-induced currents, and storms. For many
parts of a marine system, there is a net deposition of newer sediments which covers older
sediments and the previously co-deposited chemicals. The sediments and the chemical constituents
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then undergo microbial and chemical alterations that are a function of nutrient availability and
diffusion processes in the sediment.

Within the sediment bed, there is a sequence of layers, each having unique microbial communities
and associated chemistries. The uppermost layers are dominated by aerobic microbial processes in
which oxygen 1s utilized to oxidize organic matter (natural or anthropogenic). The progressively
deeper sediment layers are oxygen depleted and are characterized by organisms that utilize nitrate,
then iron and manganese, as electron acceptors to effect oxidation of the organic material. Deeper
layers utilize sulfate as an electron acceptor, resulting in production of sulfides; even deeper layers

result in fermentation/methanogenesis where organic materials are converted to organic acids,
carbon dioxide, and methane.

These strata and their attendant microbial communities control the oxidation/reduction chemistry,
the resulting speciation of metals in the layers, and the dominant biochemical pathways that are
available for transforming the chemical cor.stituents in the respective layers. The distances over
which these changes occur in the very fine, organic-rich sediments are potentially very small, on
the order of a few centimeters in going from the oxygenated layer to the sulfate-reducing layer. The
chemical form of the trace metals is also associated with the oxidation/reduction potential of the
layers. For example, in the more oxic layers the metals may be complexed in solution by soluble
organic or inorganic ligands or sorbed to iron and manganese oxides; whereas, in deeper sediments
the absence of these oxides and the presence of sulfate reducing systems results in the formation of
insoluble metal sulfides. As a result, the composition of sediment and of the interstitial water
(commonly called pore water) is expected to vary with sediment depth.

The above sequence in sediment chemistry is expected to be generally operative even in the
presence of the past chemical releases. As shown in Section 2, elevated levels of metals and
selected organic constituents are present in the lagoon and wetlands sediments, with the highest
concentrations in the lagoon being located near the outfalls. The amount of naturally occurring
organic material compared to the organic substances from Navy sources (fuel releases, lubricant
hydrocarbons, etc.) is not known; similarly, the contribution of Navy sources to the total metal
loading in sediments is not known. The ecological effects of the releases is also undetermined. The
more elevated concentrations of metals and organic constituents are located in the deeper
sediments, where anaerobic processes occur. These processes are generally considered to be
slower than aerobic processes, but may be important in reducing the chlorine content of synthetic

chlorinated organic chemicals, such as PCBs, that are highly resistant to oxidation in surface soils
and waters.

While the lagoon and wetlands are physically dissimilar, the same general transport and microbial
processes are expected to control the fate, transport, and toxicity of chemicals present. The
seaplane lagoon sediments are perennially saturated, and contain organic and inorganic chemicals
that were washed from NAS Alameda storm drains and then deposited in sediments. The West
Beach Landfill Wetlands, by comparison, are episodically flooded by season and possibly by tidal
action, with some areas perennially flooded as daylighted groundwater. Chemicals present in the
wetlands are nominally the same types as have been discharged into the lagoon, but lower
concentrations are likely present in the wetlands itself. The major differences in the two sites are
the wet/dry cycling in sediments in the wetlands and the uncertainty of chemical movement out of
the wetlands during these cycles.

3.2 PROJECT APPROACH

The proposed treatability study program consists of a number of tasks to apply innovative methods
to assess the speciation, toxicity, and natural (intrinsic) processes that are occurring in the lagoon
and wetlands sediments. Each task will be a study representing a focused disciplinary topic, from
which specific data or information will be used to complement other studies with an overall
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accomplishment of project objectives. The individual tasks to be conducted for the Seaplane
Lagoon and for the West Beach Landfill Wetlands are presented in flow chart format in Figure 3-1
and Figure 3-2, respectively. The objectives of the tasks to be conducted are discussed in the

sections below. The sampling strategy is discussed in Section 4, and the specific methods and
analyses to be used are described in Section 5.

3.3 PHYSICAL CHARACTERIZATION OF SEDIMENTS

The stratigraphy of the lagoon sediments. Bay Mud, and Mermitt Sands will be investigated during
the initial task, and properties of the sediment layer will be measured in a later task (see Transport
Processes). PRC has previously determined the particle size fractions of sediment and the depth
and diversity of benthic organisms in the lagoon. These data will be compared to BERC data for
specific locations and samples to assess the representativeness of the BERC data. BERC
understands that PRC will be collecting sediment samples from corings in the Seaplane Lagoon,
and PRC will have these samples analyzed to assess the lateral and vertical distribution and bulk
(or total) concentrations of metals and selected organic constituents. PRC will also be collecting

surface soil samples and water samples in selected areas of the wetlands area to supplement data
from earlier PRC investigations.

Acoustic imaging on transects across the Seaplane Lagoon will be conducted to measure the depth
to sediment and the depth of sedimented material overlying Bay Mud in the lagoon. This
information is important for evaluating the mass of sediment requiring treatment should an invasive
or in situ remedial alternative be considered. It is also expected that this technique will provide
information on the depth of Bay Mud and the depth to the Merritt Sands under the lagoon. These
data will also be used to assess the presence of bay mud as a barrier to water exchange between the
lagoon sediments and Merritt Sands formation, and guide the conduct of the Transport Processes
task. The preliminary results of the acoustic imaging study will be shared to assist in PRC’s deeper
boring program.

Acoustic imaging will also be conducted along the western and southern edges of the seawall
around the wetlands to determine the respective depths to sediment, Bay Mud, and the Memtt
Sands in this area, and the geometries of materials in the saturated zone beneath the seawall. This
information is important for evaluations of water transport into the wetlands under current
conditions and for possible remediation scenarios.

3.4 CHEMICAL CHARACTERIZATION OF SEDIMENT AND PORE WATER

Ecological exposure evaluations typically consider the contact of benthic organisms with both pore
water and sediment. The two media are usually considered to be in equilibrium. This task will
characterize the chemical constituents present in the pore water and the sediments and utilize
geochemical models to better understand the potential for chemical changes in pore water chemistry
and toxicity. Several studies using sediment cores from the lagoon and from the perennially
ponded areas of the wetlands will investigate the chemical speciation and equilibrium of metals in
the pore water and sediment. This information is important for understanding the mobility of
metals in the sediments, their potential for toxicity, and how these constituents will behave in
remedial actions involving sediment management (that is, excavation and land disposal, in situ or
ex situ treatment, etc.). Analysis of organic constituents in sediments will be performed as part of
the intrinsic transformation table.

In one set of studies, soil cores from approximately 50 cm depth will be analyzed to characterize
the constituents present in pore water and in sediment solids. (For this study, chemicals dissolved
in pore water will be operationally defined as those chemicals in water that pass through a 0.45
micron filter.) The pore water for these studies will be collected with a device that squeezes pore
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water from discrete layers of the sediment core. The pore water samples from each depth segment
will be analyzed for the following constituents:

e Anions: chloride, fluoride, nitrite, nitrate,
sulfate, and phosphate

¢ Trace metals: cadmium, copper, chromium,
mercury, nickel, lead, and zinc

e Major elements: aluminum, calcium, iron, sodium,
magnesium, manganese, silica, and sulfur

In a more shallow sediment interval of 10 to 20 cm, the redox chemistry of pore water in a soil
core will be analyzed in situ using a microelectrode system. Dissolved iron, manganese, oxygen,
and sulfide will be measured. These data will provide an accurate description of the pore water
chemistry within narrow intervals in the near surface sediment zone where benthic organisms are
present and the immediate exposure pathways are located, and where oxidation reactions transform
organic and inorganic chemicals. These data also will be used in geochemical computer models to
simulate the behavior of metals constituents in the pore water/sediment systems in the lagoon and
saturated areas of the wetlands, and how the dissolved metal concentrations may change under
natural and *“disturbed” sediment conditions.

The sediment samples from several depths in the 50 cm core will be analyzed to determine changes
in trace metal composition and mineralogy with sample depth. Sediment metals concentrations and
mineralogy will first be measured to evaluate any major changes in sediment composition as a
function of depth. The metals concentrations will be compared with the more extensive metals
database compiled by PRC to identify the samples that are representative of sediment conditions in
the lagoon. For samples judged representative of anoxic and oxic environments, the speciation of
cadmium, copper, chromium, nickel, lead and zinc on sediment solids will then be determined

using x-ray absorption spectroscopy to determine their oxidation state(s) and presence of the metals
as the sulfide, oxide, or other solid phase states.

3.5 TOXICITY OF PORE WATER AND AT SEDIMENT/WATER INTERFACE

As noted above, the interstitial (pore) water present in sediments is considered a major exposure
pathway for benthic organisms, with the chemicals distributed among sediment, pore water, and
organisms. This task will evaluate the toxicity of the pore water, and subsequently toxicity
identification evaluation (TIE) will be performed to assign the chemical(s) responsible for the
measured toxicity. The toxicity to the selected organisms will also be evaluated at the
sediment/surface water interface to assess the role of sediments in possible toxicological effects.

Toxicity tests will be run on sediment pore water samples from the lagoon and from the wetlands
sediments using a developmental (growth) test and a survival test. The growth test will be an
echinoderm 72-hour embryo development test. The survival test will be a amphipod 10-day
survival test. The tests will follow published procedures which are described in more detail in
Section 5 and in the Sampling Analysis Plan (SAP).

Pore water samples showing toxicity will be analyzed by TIE procedures to identify the chemicals
responsible for the observed toxicity. Because the pore water may contain a number of dissolved
inorganic/metal and organic chemicals, a series of chemical separations on pore waters will be
conducted with toxicity tests run on the water fractions. These separations and analyses will
initially identify inorganic constituents, including naturally occurring species such as ammonia and
sulfides, and then proceed to organic constituents as testing indicates toxicity still persists. The TIE
procedures will follow published methods and are also described in Section 5 and in the SAP.
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Following these assessments of pore water toxicity, the toxicity at the water/surface sediment
interface to the same organisms will be tested using surface sediment cores from the lagoon. These
tests will then allow an evaluation of whether exposure to toxic constituents in lagoon sediments
occurs through exposure to pore water or by sediment contact. The toxicity of surface sediments in
the wetlands will not be tested because the chemical composition of the wetlands sediments is not
characterized sufficiently to warrant both pore water and sediment/water interface studies.

The toxicity of core segments from deeper in the lagoon sediment profile will also be tested using
the sediment/water toxicity system above. These data are important for assessing the intrinsic
toxicity of the resulting “new” sediment surface should the overlying sediment be excavated as part
of a remediation alternative or to improve the recreational use of the lagoon. As discussed in
Section 5.7.2, the toxicity to the same organisms will also be tested using a simulated disturbance
scenario as would occur during the aeration and mixing of sediments during excavation of lagoon
seciments.

3.6 BIOAVAILABILITY EVALUATION

The bioavailability of organic constituents is a major concern for toxicity to aquatic species as well
as for potential bioaccumulation in the ecological and the human food chain. There is, at present,
no established test for directly measuring the bioavailability and uptake of chemicals from soils or
sediment. Determining bioavailability is complicated because the uptake process involves the rates
at which the chemicals are extracted from the sediment/soil and the equilibrium concentrations of
the chemical among sediment. water, and organisms. For this characterization study, the
bioavailability of chemicals in sediment will be assessed using two approaches. One approach will
use an EPA test in which a clam commonly found in San Francisco Bay will be exposed to site
sediment for 28-days and the clam tissue will be analyzed for selected organic constituents.

A second approach will use an innovative method where digestive juices from a marine worm will
be mixed with site sediments, and the concentrations of organic constituents (PCBs, DDT, and
PAHs) present in the extracts will be measured. Previous work has shown that this method has
significant merits because it mimics actual sediment/digestive fluid interactions that cannot be
included using synthetic extraction fluids or with the kinetic limitations of chemical desorption and
uptake by selected organisms. Because the data will be collected in the context of a screening
program to demonstrate the use of the bioavailability test, there are no criteria for comparing these
results with regulatory guidelines. However, the data will be used with other data collected by the
Co-Principal Investigator in previous studies to better establish the method as a meaningful
approach to measuring bioavailability of chemicals in sediments.

For use in the modeling of sediments and complementary to the toxicity/TIE efforts above,
equilibrium partitioning of organic chemicals between the sediment particulate and pore water will
be evaluated for use in the sediment modeling program. This evaluation of equilibrium will not
require specific laboratory studies, but will use measured environmental parameters and chemical
uncertainties in the property data from the scientific literature to estimate the magnitude and
uncertainties in the partitioning process.

3.7 TRANSPORT PROCESSES ASSESSMENT

Understanding of water exchange between water-bearing zones and the associated chemical
transport processes is critical to estimate exposure pathways and the ultimate fate of chemicals in
the lagoon and wetlands ecosystems. Data for sediment properties in the lagoon are also important
for evaluating the potential for future consolidation of lagoon sediment under natural or remediation
conditions (such as capping). BERC will use both empirical measurements and simple analytical
models that use location-specific parameters. The data for evaluating chemical transport in
sediments will be obtained from measurements on sediment cores. Samples from sediment and
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Bay Mud strata in the lagoon will be collected to a depth of 9 feet below the sediment surface. This
sampling strategy may be changed if acoustic imaging shows that these strata are more shallow.

The lead-210 isotope profile will be used to assess the deposition time periods and patterns of
sediment strata in the lagoon. This radioisotope is an eventual decay product of naturally-occuring
radium and is deposited from atmospheric sources; other isotopes may also be used if the lead-210
data show that radium-containing materials (possibly from paint or luminescent dials) are present
in the lagoon or wetlands areas (see Section 5). With a relatively short haif-life, the lead-210
1sotope is useful for estimating the time period when the sediment was deposited. These data will
be used with the PCB congener and PAH distribution data (see below) to evaluate the
transformation rates of chemicals in the s:diment strata and the deposition periods when metals
were released through storm drains into the Seaplane Lagoon. A lead-210 isotope profile will not
be established for the Wetlands sediments because sediment deposition is not considered to be an
important source of chemicals in this area.

The potential for water transport through lagoon sediments will be evaluated by measurements of
sediment properties. Specifically, the sediment density, porosity, and compressibility will be
measured for at least three intervals in sediment cores; the compressibility data will be used to
estimate the hydraulic conductivity in the sediment intervals. The acoustic imaging results will also
be used to evaluate water interchange between the Memitt Sands and lagoon sediments. If
communication between the two stratigraphic zones is evident, piezometers may be installed in the
lagoon in a second phase to better evaluate hydraulic gradients in the sediment. These data will be

used to calculate the potential for an upward gradient into the lagoon. These data will also be used
to assess water and chemical transport in the lagoon sediments.

Evaluation of water movement and exchange in the West Beach Landfill, the adjoining wetlands,
and the bay has been historically uncertain because of the expected heterogeneous character of the
fill and the possible localized, but highly transmissive, discontinuities in the seawall and levees that
define these areas. The possibility of chemical transport from the landfill and wetlands will be
assessed in several focused studies. In the first study, three piezometers will be installed between
the landfill and the wetlands, and the potential effect of tidal influence monitored by performing
slug tests and by comparing water levels in the landfill piezometers with data from monitoring
wells in the surrounding area during a maximum tide cycle. Shallow piezometers can be installed to
determine whether the tidal fluctuations in the bay cause direct communication with the landfill
sediments, resulting in movement of landfill chemicals into the bay with tidal flow. This study,
along with the study proposed below, is also critical for understanding movement of chemicals
with water flow from the landfill into the wetlands.

BERC understands that PRC has installed monitoring wells between the wetland areas and the
landfill, and that pumping tests have been conducted in other wells to assess hydraulic properties
of the fill that has been placed in the area. However, such response tests may not be sensitive to
locally very transmissive zones where gaps in the seawall or aquitard exist; BERC also
understands that pump tests are not planned for the seawall and the raised area between the
wetlands and bay along the western and southern sections of the seawall. BERC proposes an
empirical approach to evaluate the potential connection between the bay and wetlands during a high
tide period by installing several gauges in ponded waters, and observing water levels in
piezometers and existing monitoring wells in the wetlands area. This study will then provide a
practical assessment of the current integrity of the seawall and underlying Bay Mud (as an aquitard)
system as a barrier for chemical migration out of the wetlands.

3.8 INTRINSIC TRANSFORMATION PROCESSES

The biological transformation of PAHs and PCBs in lagoon sediments and wetlands sediments will
be evaluated in this task. The proposed studies recognize that some weathering of PAHs and PCBs
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likely has occurred, but that the PAHs and PCBs previously found in site investigations may still
be of ecological concern, requiring an evaluation of persistence of the remaining chemicals.
Additionally, this task will also assess the potential/rate for methane generation in lagoon
sediments, which is required information for design of the sediment capping alternative.

Initial efforts in this task will be an evaluation of the scientific literature to determine the expected
range of transformation rates for these chemicals under the conditions found in the sediment strata
and wetlands sediments. This information will be critically reviewed, summarized, and presented
to the Navy for planning purposes.

Complementary to the information from the literature review, sediment samples from the lagoon
and wetlands will be analyzed for transformation products and depth patterns that can be used to
estimate transformation rates. One approach will be to compare the carbon isotope ratios for
methane and for carbon dioxide collected from sediment with the same isotope ratios for the bulk

organic material in the sedimencs. A decreased contribution from '“C in these metabolic products
would be evidence that the methane is derived from petroleum (fossil) materials and that intrinsic
remediation of the petroleum constituents is occurring.

The PCB and PAH constituent fingerprint patterns in sediment samples will also be measured to
assess any losses in the more reactive constituents of these mixtures. For example, the less
chlorinated PCBs are known to be preferentially reactive in oxidizing environments, and the more
highly chlorinated PCBs are reduced (or dechlorinated) in anaerobic systems. The PAHs with
fewer rings are expected to be more readily oxidized than the higher ring PAHs. These data, along
with the lead 210-based estimates of the deposition period of the corresponding sample depth. can
then be used to estimate the rates at which PCBs and PAHSs are being transformed in the sediment
strata.

Laboratory studies also will be conducted under simulated in situ conditions to measure the
methane generation from lagoon sediment cores. The presence of methane indicates
methanogenesis is occurring by metabolism of anthropogenic or natural organics associated with
Bay Mud and sediments; the potential generation of methane is of interest particularly for remedial
alternatives such as capping of sediments in the Seaplane Lagoon.

If literature information and the physical characterization of the site locations indicate that PAHs
and PCBs are expected to be transformed in site soils or sediments, the disappearance of PAHs
and PCBs from anaerobic sediment core material will be monitored over a 6-month period. In a

complementary effort, studies will be initiated using e 1sotope labeled PAHs in continually mixed
systems to assess the influence of environmental variables. such as oxygen and other natural
oxidation promoters (nitrate, sulfate), and on the transformation rates of selected PAHs. The

incorporation of the '*C label into products and sediment organic matter will also be evaluated as
discrete loss processes for the PAHs.

If the literature review and PCB congener analysis data show that PCBs are undergoing
transformation, PCBs will be added to the sediments in the above laboratory experiment and the
resulting loss of congeners will be measured over a 6-month period. These studies will also
include field experiments to evaluate the potential for vegetation to promote the transformation
reactions in site soils. As discussed in the introductory text for this section, the approach proposed
for these transformation studies is planned to provide empirical data on the loss rates of these
chemicals of concern that are immediately useful in future site planning or remediation at NAS
Alameda.
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3.9 PROCESSES IN DISTURBED SEDIMENT SYSTEMS

The dredging of the lagoon also is a potential remedial alternative for lagoon sediments, and a
likely future construction activity for use of the lagoon as a recreational facility. Such removal
actions will expose the sediments to oxidative processes not present in sediments below the top
few centimeters of surface materials. Oxidized sediments are therefore expected to show a
significantly different speciation of metals and toxicity.

One study will evaluate the leaching of metal constituents from sediment core samples using
aerated water samples. Toxicity studies will also be conducted on artificially aerated sediments to
evaluate the resulting toxicity in a disturbed sediment system and compared with the toxicity of the
undisturbed sediment.
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4.0 SAMPLING APPROACH

As discussed in Section 2, the Seaplane Lagoon and West Beach Landfill Wetlands have different
topographies and histories of chemical releases; therefore, separate sampling strategies are required
to obtain representative samples. The sampling strategies discussed below are designed to meet one
or both of the following criteria: (1) collect samples from locations where the highest
concentrations of chemicals of interest are present for chemical characterization, toxicity testing,
and transformation studies, and (2) collect samples from locations that represent different
environmental settings where transformation processes and migration pathways will be different
and represent the range of conditions at the sites.

BERC studies will be conducted on samples collected from areas of the lagoon and wetlands that
previous studies have shown the highest chemical concentrations, and thus are the more
problematic for demonstrating intrinsic processes. Some of the studies will use innovative
approaches that will use the expertise and unique facilities of the BERC investigators. Given that
innovative methods have more uncertainties than data from more routine methods, it is important
that some complementary information also be collected for some samples and methods to better
define the sample character, behavior, and consistency among methods. This information then
assists in defining the quality of the measurement in terms of the accuracy of the data and what the
measurement represents.

The limited sampling locations are not intended to provide data on the nature and extent of
chemicals present in the lagoon or wetlands. However, some information collected in the BERC
studies is expected to be useful for extrapolation of the data to other locations at sites.
Extrapolations of data will be accomplished by collaboration of the BERC investigators and the
users of the study results at PRC and the Navy, and within the context of the uncertainties in the
extrapolation of the data. Establishing accurate depth profiles of chemical distribution, chemical
speciation, sediment toxicity, and deposition history requires that sediment cores be collected with
minimum disturbance. For example, surface grab samples will be appropriate in evaluating surface
sediment toxicity and bioavailability of chemicals. For deeper core samples where some surface
disturbance is acceptable and larger volumes of sediment are required, a 4-inch gravity core
sampler may be used. For other studies, such as chemical speciation of surface sediment pore
waters, a more controllable and less disturbing "push” coring device will be used.

As part of the initial field sampling effort at each site, a few sediment corings will be collected and
examined in the field prior to collection of the sediment cores that will be used in the individual
laboratory studies. The Principal Investigator and Contract Quality Control Program Manager
(CQCPM) will lead this initial field meeting and, with the Co-Principal Investigators, confirm that
the cores are representative of expected site conditions and suitable for the proposed studies. For
example, if the sediment column appears homogeneous, then segments from the core should be
representative of the entire core for all studies. However, if the core shows a variegated
appearance, then core segments may be chosen to provide “worse” case results in the planned tests
and measurements. The Navy Remedial Project Manager (RPM) will also be requested to attend
this initial field meeting so that any newly recognized uncertainties can be discussed and
appropriate changes in the Work Plan can be agreed on before the laboratory studies begin.

4.1 SEAPLANE LAGOON

The lagoon locations to be sampled are all submerged at low tide; therefore, a barge or boat will be
required for sampling. The major discharges to the Seaplane Lagoon are known to have occurred
from the storm drains in the 1970s, and the sediments from this time period have subsequently
been covered by more recent sediment deposition. The limited available data indicate that the
sediments near the storm drain outfalls contain the higher concentrations of metals, PCBs and
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PAHs. These data indicate that the chemical concentrations decrease with distance from the outfall.
For the BERC studies, the areas near each of two sets of outfalls G/H and F/R will be considered
to have the highest chemical concentrations in sediment. These two sets of outfalls correspond to
sampling locations S3 and S4, respectively, in PRC's 1993 investigations; the depths from water
surface to sediment surface were reported to be approximately 2.4 m and 4.3 m, respectively, at
these locations. Toxicity and bioaccumulation studies will also collect samples from the center of
the lagoon where less contaminated sediment is expected to be present. Some studies will also
collect samples from the center of the lagoon where less contaminated sediment is expected to be

present. Sampling tasks and the sediment collection program for the Seaplane Lagoon are
summarized in the SAP.

The sediment core samples from the lagoon will be collected by a subcontractor with extensive
experience sampling in San Francisco Bay. The intact core in a polymer sleeve (polycarbonate or
acrylic) from the corer will be capped and transported to the dock immediately after collection. At
the dock, the intact core will be transfer.ed to the respective study group for cooling, preservation,
and transport back to their laboratory. The depth of sediments in the lagoon are not known. For
planning purposes, it has been assumed that the sediment depths are at least 3 m. The actual

sediment depth will be determined by acoustic imaging, and any changes in the sampling depth will
be evaluated and decided during the initial field meeting.

The procedure for collecting intact sediment cores will be tested during the initial sampling effort.
The sediment core will be examined by the Principal Investigator and Co-Principal Investigators to
examine lithology and reevaluate sampling and core segmenting strategy. In particular, the
consistency of the sediment profile is not known, and may range from what has been described as
a “black mayonnaise” material to a soil material that may have been used as fill in other parts of
NAS Alameda. With concurrence of CQCPM and Navy RPM, the Principal Investigator may
revise the sampling strategy or modify the sampling procedure to meet data quality objectives. If
the sediment depth is sufficiently shallow such that the coring device can be pushed or driven into
Bay Mud, a plug of mud in the bottom of the coring tube may allow the core to be readily
retrieved. Sampling and testing of the Bay Mud strata is not planned. These procedures and other
issues will be discussed and resolved during the initial field sampling effort, with a field variance
documenting the changes in the sampling procedures.

4.2 WEST BEACH LANDFILL WETLANDS

Because of the site topography and seasonal and tidal inundation cycles, the West Beach Landfill
Wetlands has a large diversity of microenvironments that may be studied. The sampling strategy
will address only two types of environments - perennially saturated ponds and an upland vadose
zone location. Based on previous investigation of the nature and extent of chemicals present at the
site, concentrations of organic chemicals in soils or sediments are typically lower than 1 ppm, and
it is probable that chemicals present in the wetlands area have been deposited from overland
waterborne-soil erosion and by local windblown soil deposition from the adjoining landfill. Some
chemicals, particularly PAHs, may also have been present on fill placed in this area.

Sediment cores from the wetland areas will be collected by persons with suitable training and field
experience who are supervised by the Co-Principal Investigators. Sediment core samples will be
collected from areas that are perennially saturated and apparently represent the ponded water table
at the ground surface. Soil samples from an upland area will be sampled to a depth of 0.5m for
microbial transformation studies. Additionally, soil gas samples will be collected from wetlands
locations believed to be downgradient from the landfill to provide evidence of migration of
transformation products in water from the landfill. The actual locations to be sampled will be
selected during the initial field sampling visit depending on site conditions and access, and will be
agreed upon by Principal Investigator, Navy RPM, and CQCPM. The sampling tasks and the
sediment/soil sampling program are summarized in the SAP.
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50 METHODS AND ANALYSES

This section describes the methods to be used and the data that will be collected in the treatability
studies. The methods recognize that sample preservation, handling, and preparation for analyses of
constituents are critical elements of obtaining quality data; details for methods are presented in the

Sampling and Analysis Plan (SAP) (Appendix-B). Information for each method and analysis is
described in three sections:

e Method describes the procedure and the analyses that will be performed, how the data are to be
used in :he project, and how the data or results will be reported.

o The Scope of the Method provides a brief description of the background related to the scientific
rationale for the selection of the procedures and analyses and the limitations of the data to be
obtaine d such that the reader can better understand the use of the dat ..

o The Status of the Method provides a brief discussion of the history of the analysis related to the
precedents and innovative nature of the method, along with pertinent literature references.

To facilitate integration of data and comparison of results, measurements using the various
methods will be conducted on sediment core segments from similar depths whenever applicable.
The segment will be cut from the cylindrical core in the individual laboratory under specifications
dictated by the method to be performed (that is, maintaining anaerobic conditions and collecting
various lengths of core depending on sediment volume required). Typically, segments will be
collected at 1 m and 2 m depths. The depth of segments or frequency of segments sampled is stated
below for each method, and summarized in the SAP. The measurements and tests to be conducted
for the Seaplane Lagoon (Site 17) and for the West Beach Landfill Wetlands (Site 2) are
summuarized in Tables 5-1 and 5-2, respectively, and a more complete description of the methods to
be used follows. In the context of data use objectives, Table 5-3 summarizes the task and SOP
number, the measurements to be conducted, and the intended or potential use of the data in the
decison-making process at NAS Alameda.

To increase data quality, parameters of interest will be measured on core segments from more
frequent intervals whenever possible and as dictated by project budget and factors such as
sample/core holding times, the expected variation in properties with depth. and the availability of
core sample (see Tables 5-1 and 5-2). Although it is recognized that lateral variation of the
sediment composition does occur in sediment, testing of core samples from a lateral array for data
replication is not included in the current plan.

5.1 PHYSICAL CHARACTERIZATION OF SEDIMENT

Knowledge of the physical setting of the lagoon and the landfill wetlands is critical for planning
investigations to define the nature and extent of chemicals in these environments and for assessing
remediation alternatives and their effectiveness. This information is also important for assessing the
representativeness of the sediment samples collected in the past and proposed investigations. The
acoustic imaging task described below is an important element as part of the intrinsic remediation
and site characterization studies to be conducted by BERC; the results of the task will also be
valuable to PRC for interpreting the results of their planned sediment boring and analysis program
in the Seaplane Lagoon.

5.1.1 Acoustic Imaging

Method. This task will use Very High Resolution (VHR) acoustic profiling to describe the
stratigraphy of the sediment, Bay Mud. and Merritt Sand zones underlying the Seaplane Lagoon.
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The same technique will be used to evaluate the stratigraphy and features underlying the seawall
along the western and southern edges of the West Beach Landfill Wetlands.

The results of the acoustic imaging will map the depth of sediments in the lagoon, determine the
continuity of the major water bearing zones at both sites, and begin hydrologic connections
between the landfill and San Francisco Bay.

Scope of the Method. VHR is useful for determining the lateral continuity of sediment horizons
and for detecting sediment anomalies including buried and near-surface channels, shoals, scours,
and filled areas. The complex physical, biological, and chemical stratification of NAS Alameda
sediments makes the spatial characterization of .hese properties challenging. The maximum
recording depth of the VHR system to be used is about 300 feet and the majority of VHR records
reach depths of 40 to 50 feet. This allows visualization of the Holocene section in San Francisco
Bay, and enables recording of most or all of the Holocene section in most marine and estuarine
settings.

Acoustic reflection imaging can provide excellent subbottom images in shallow-water
environments. However, the sensitivity of acoustic reflection imaging techniques to the presence of
gas in sediment is a crucial variable in the applications and outcome of this study. Gas pockets
produce a bright reflection on acoustic images, and provides a means of detecting sites of
methanogenesis in shallow-water estuarine environments. Where substrates have been disturbed
by large-scale erosional, mixing, or dredging processes, the continuity of the methoanogenic layer
is disrupted. Methanogenic processes are also strongly associated with native peat substrates. The
geometry of gas-reflective elements can thus be useful for interpretation of the substrate types and
their chemistry, biota, and history. Conversely, gas-charged sediments inhibit the imaging of
deeper substates. Deeper substrate geometries, i.€. ancient erosional surfaces and riverine deposits,
marine depositional and erosional features, and deep dredge and fill features, can be masked by the
sediment gas. These deeper features may only be locally and discontinuosly imaged if sediment gas
is pervasive at NAS Alameda. Previous experience also indicates that dredging and marine
erosional processes tend to remove gas-charged sediments and provide “windows” through which
deeper strata are imaged.

The imaging techniques to be used in this task have been field proven in previous studies of the
essentially continuous young sedimentary section of San Francisco Bay. This field program has
demonstrated a capability for VHR seismic reflection profiling in the detection, characterization,
and interpretation of structural and sedimentary features in marine, lake, and river environments.

Status of the Method. The method has been successfully used by the CoPrincipal Investigator and
USGS at locations in the Bay. Most recently, the Co-Principal Investigator used the method in an
area from Yerba Buena Island to the Bay Bridge Toll Plaza (Williams, 1995).

References.

Williams, P.L. 1995. Seismic Stratography and Bedrock Depth, Eastern Span, San Francisco -
Oakland Bay Bridge. Caltrans Bridge Project Report.

5.2 CHEMICAL CHARACTERIZATION OF PORE WATER AND SEDIMENT

The tasks to characterize the inorganic chemistry of the sediments utilize several innovative
techniques which provide an understanding of the toxicity of current constituents. This
characterization will provide a framework for evaluating changes in sediment chemistry
composition and resulting toxicity should the sediments be disturbed by remediation or recreational
activities. Standard analyses for organic and inorganic constituents will be performed by PRC in a
separate program. These results will be compared to the results of the BERC tasks as appropriate.
Measurements of properties used for evaluating chemical transport are conducted as part of the
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Transport Processes task (see Sec. 5.5). Analyses for specific PAH and PCB constituents will be
performed as part of the Intrinsic Transformation Processes task (see Sec. 5.6).

5.2.1 Microelectrode Measurements in Sediment Core Pore Waters

Method. This task will assess the redox environment and concentrations of selected electron
acceptors as a function of depth in a sediment core. This information will provide an understanding
of the changes in pore water chemistry as a function of depth within the top 10 to 20 cm of
sediment cores. Several sediment cores from one location in the Seaplane Lagoon and from a
ponded area of the West Beach Landfill Wetlands will be analyzed using this method. This
information is critical for understanding *he toxicity and chemical and biological transformation of
chemicals in these surface sediments. In order to determine the redox environment and
concentrations of specific electron acceptors within this top 10 to 20 cm core of the sediment, a
gold amalgam voltammetric microelectrode will be moved through the sediment column at
progressively increasing depths to detcrmine the dissolved Fe(II), Mn(Il), 02, and total S(II)

concentrations in pore waters. Similarly, pore water pH measurements will be made with a pH
microelectrode (Brendel and Luther, 1995).

Scope of the Method. The redox microelectrode is limited to the analysis of dissolved Fe(II).
Mn(Il), 02, and total S(II) in the pore waters in an undisturbed intact sediment column (Brendel
and Luther, 1995). The microelectrode has the powerful advantage of making electrochemical
measurements as a function of depth at the millimeter scale. This scale is critical because the redox
chemistry i1s expected to change dramatically within the first few centimeters below the
sediment/water interface. While pore water samples will be extracted and analyzed over a deeper
sediment core (see 5.2.2), an artifact of the pore water sampler is that pore water samples are
averaged over discrete intervals (approximately 2-5 ¢cm) and will not provide the depth resolution
needed for the very shallow sediments. The accuracy of these analyses is contingent upon
preserving the in situ redox environment of sediments during sampling and analysis (see SAP).

Status of the Method. The use of the redox microelectrode is a new technology and will require
measurements on several cores to establish operating conditions. Although the use of the
microelectrode will define pore water chemistry on a finer scale than traditional measures, the data
from these experiments will be usefully compared to the pore water analyses described in 5.2.2 to
assess the general accuracy of the microelectrode measurements (Brendel and Luther, 1995).

References.

Brende! P. J. and Luther, G. W. III (1995) Development of a Gold Amalgam Voltammetric
Microelectrode for the Determination of Dissolved Fe, Mn, 02, and S(-II) in Pore Waters of
Marine and Freshwater Sediments. Environmental Science and Technology, 29, 751-761.

5.2.2 Pore Water Constituent Measurements

Method. Standard chemical analysis methods will be used to measure the concentrations of major
anions and major and trace metals in pore water from core segments over a 50 cm total depth. A
pressurized pore water sampler will be used to sample pore waters from sediment intervals of
approximately 2 to 5 cm, where water samples are squeezed from discrete segment layers of the
sample core (Jahnke, 1988). The chemical analyses to be performed on the pore water samples are
as follows: major anions (CI', F', NO,", NO,", SO,? and PO,™), total dissolved major elements
(Al, Ca, Fe, Na, Mg, Mn, and S), and total dissolved trace elements (Cd, Cu, Cr, Hg, Ni, Pb,
Zn. All units will be expressed in pg/L.

Scope of the Method. The pore waters from depth intervals over 50 cm will be analyzed for the
conslituents listed above because concentrations of the metal contaminants in the sediments are
reported to be significantly higher at depth. Because of the design of the squeezer, pore water
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samples are averaged over discrete sediment intervals (approximately 2 to 5 cm). This technique
cannot provide the depth resolution available using the microelectrode to analyze shallower
sediment intervals. However, the squeezer sampler provides a sufficient volume of water to
analyze a more complete list of chemical constituents than is available from the microelectrode. The
analysis will be conducted using ion chromotography, inductively coupled plastma (ICP), mass
spectrometry (MS) and ICP-atomic emission spectrometry (AES). The accuracy and
representativeness of these analyses are contingent upon preserving the in-situ redox environment
of sediments during sampling and analysis (see SAP).

Status of the Method. The pore water sampler will be similar to that designed by the Jahnke
research group. Use of the pore water sampler has precedent in scientific literatu.e. Analyses will
be performed using standard methods described in the SAP.

Reference.

Jahnke, R. A. (1988) A Simple, Reliable, and Inexpensive Pore Water Sample. rimol. Oceanogr.
33, 483-487.

5.2.3 Sediment Bulk Mineralogical and Chemical Analyses

Method. The bulk mineral and bulk chemical composition of the sediment will be determined at 20
cm intervals in a 2 m Seaplane Lagoon sediment core and in a 1 m core from the Landfill
Westlands to ascertain any major changes in the sediments as a function of depth. These data will
provide the link between the pore water chemistry and the sediment metal speciation, because they
will profile metals concentrations and bulk mineralogy as function of depth. These data will be
used to select samples of lagoon cores that are most representative of sediment composition for
sediment speciation analyses (see Section 5.2.4). Additionally, the data will provide an archive of
defined samples, if additional analyses are needed. Total sediment composition will be presented in
concentration units. A list of the mineral phases identified in the sediments will be presented for
each sample segment.

Scope of the Method. Bulk mineral composition will be determined by xray diffractometry (XRD).
This technique identifies crystalline phases that comprise at least 2 percent by weight of the
sediment. It is important to identify the mineral phases present because metals are known to be
preferentially removed from water by sorbing or forming precipitates to specific minerals in the
sediments. This information provides the baseline for initial analysis of the x-ray absorption
spectroscopy (XAS) data (5.2.4). For example, if the sediment contains sulfides (pyrite) and
expandable clays, the studies will be focused on evidence in the complex spectra for metal-sulfur,
metal-oxygen, metal-iron, metal-silica, and metal-aluminum bonding and structures.

The bulk chemical composition will be determined by inductively-coupled plasma and atomic
emission spectrometry (ICP-AES). In addition to determining the concentration of metal
contaminants present, total bulk chemistry also provides information on the presence of amorphous

phases which have a strong capacity to remove metals from the solution and can not be detected by
XRD.

Status of the Method. Total sediment composition and bulk mineralogy determinations are routine
techniques (see SAP).

5.2.4 Sediment Metal Speciation Analysis

Method. The redox status and speciation of Cd, Cu, Cr, Ni, Pb, and Zn in the sediment solid
phase will be determined using synchrotron-based x-ray absorption spectroscopy (XAS). The
metal speciation in the sediments is determined by its oxidation state and its coordination and
bonding to other chemical constituents in the sediment (sulfide, carbonates, metal oxides, organic
ligands, etc.). This information is required to determine the chemical reactions that control metal
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distribution between the sediments and pore waters. It is also possible that the metals may exist as
zero-metals from past disposal from the electroplating waste or as paint chips from past operations.

Based on the bulk sediment analyses, samples representative of anoxic and oxic environments will
be analyzed by XAS for the Seaplane Lagoon. XAS analysis will also be conducted on West
Beach Landfill Wetlands sediments and sediments used in the leaching experiments (see Section
5.7) if the concentration of metals are above the detection limit. Sample selection will be based on
contaminant metals concentrations, bulk sediment concentrations, and bulk mineralogy to analyze
samples that are both representative of the sediments and amenable to XAS analysis. For these
samples, the results will identify the atomic structure of the contaminant including metal oxidation
state and the phase in which the metal is chemically bonded.

Scope of the Method. Although this technique can be applied to sediments in contact with pore
waters, fr this project studies will be conducted on dry sediments because these analyses will be
conducted at the Stanford Synchrotron Radiation Laboratory over dme periods which may not
correspond to sampling and obtaining recent core samples. Inasmuch as more than 99 percent of
the total metals are estimated to be associated with sediments and not the aqueous phase, artifacts
of analyzing dry sediments should be minimal (see SAP for description of sediment preservation).

As examples of speciation, metals sorbed to iron or manganese hydroxides or clay minerals in the
upper oxic sediments may be dissolved from these mineral surfaces and released to the overlying
water column. In the deeper anoxic sediment, the metals may be less available as insoluble metal
sulfides. In this scenario, the metals must remain in an anoxic environment to be immobilized. It
implies that in an oxic environment, the sulfide solids will dissolve and that some fraction of the
metals will be sorbed to other mineral surfaces and some fraction will be leached into the
overlying waters.

Operational detection limits for this technique vary between 50 ppm for Cd to 500 ppm for Pb,
reflecting spectral properties inherent to specific metals. The presence of large concentrations of
iron (> 20 wt. %) in the sediments also lowers signal statistics, hence lowering detection limits.
For the deeper sediments containing higher levels of metals (reportedly 1,000 to 3,000 ppm), the
detection limits should not hinder the application of XAS. However, in the oxic sediments, the
metals concentrations of interest are near the detection limits of this technique. At the very
minimum, the analyses will be able to determine the oxidation state in the oxic sediments, i.e.
Cr(IID) vs. Cr(VI).

Signal statistics will be optimized by increasing the number of scans, collecting data at cryogenic
temperatures, diluting matrix interferences, and by using the best available detector technology.
Details of the expected range of values, reporting/detection limits, and possible interferences of the
specific analytical techniques are discussed in the SAP.

Status of the Method. XAS is one of the few techniques that can provide quantitative information
about the local molecular structure of environmentally important elements at mineral/solution
interfaces (Brown et. al., 1988; Brown 1990; Manceau and Charlet, 1992; O'Day et al., 1994a,b,
1995; Waychunas et. al., 1993). The XAS technique is still regarded as a research method, and for
this task the technique requires access to the special capabilities at the Stanford Synchrotron
Radiation Laboratory. The Co-Principal Investigator and co-workers (Carroll et. al., 1991, 1994,
1995) have demonstrated the feasibility of using this technique on metal ions in complicated acid
mine drainage sediments (see SAP).

References.
Brown, G.E., Jr., Calas, G., Waychunas, G.A., and Petiau, J. (1988) X-ray Absorption
Spectroscopy and its Applications in Mineralogy and Geochemistry. In: Spectroscopic
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5.2.5 Modeling of Metal Speciation in Pore Water

Method. Pore water chemistry will be simulated using the measured solution composition data, the
models REACT (Bethke, 1994) and EQ3/EQ6 (Wolery, 1992), geochemical codes and the
SUPCRT92 thermodynamic database (Johnson et. al., 1992). This modeling effort will evaluate
the solid phases that thermodynamically control the distribution of metals betweenthe solids and
more mobile pore waters. These codes also allow for redoxdisequilibria and reaction path analyses.
Therefore, these models can also be used as a geochemical tool to estimate conditions resulting
from proposed remediation strategies. The results of modeling will be reported in terms of the
metal speciation and overall chemical saturation state as a function of redox potential and solution
pH.

Scope of the Method. These calculations are limited by the available thermodynamic and kinetic
data from literature. These data will be critically evaluated for their use in the project. These
uncertainties in the data will be considered in the interpretation of the results using sensitivity
analyses.

Status of the Method. REACT (Bethke 1994) and EQ3/EQ6 (Wolery 1992) are geochemical codes
in common use in the geochemical community. These codes include geochemical equilibria, redox
disequilibria, sorption of metals at iron hydroxides, and simple reaction kinetics. The Co-Principal
Investigator for this effort at LLNL has experience with these models, and resources at LLNL

provide the capacity to augment the data set with newly determined thermodynamic and kinetic
values.
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5.3 PORE WATER AND SEDIMENT TOXICITY TESTS

This section discusses the series of toxicity tests and toxicity identification evaluations (TIE) tests
that will be conducted on sediments "rom the Seaplane Lagoon and the West Beach Landfill
Wetlands. The tests will be conducted to evaluate developmental abnormalities using echinoderm
embryos and survival using amphipods. The tests will be performed using pore waters from
surface sediments in the lagoon and from the Landfill Wetlands. The chemicals responsible for
toxicity in pore water will be determined by Toxicity Identification Evaluation (TIE) procedures.
Additionally, the toxicity at the interface of water and sediment will be tested for both surface
sediments and for deeper core sediment in the Seaplane Lagoon. Toxicity to the same organisms in
a disturbed sediment system from the Seaplane Lagoon will also be tested, and is described in
Section 5.7.

5.3.1 Surface Sediment Pore Water Toxicity Tests

5.3.1.1 Developmental (Embryo) Toxicity Tests

Method. The 72-hour developmental toxicity tests using echinoderm embryos are designed to
determine adverse developmental effects of chemicals present in surface pore waters. Pore waters
extracted from surface sediments at three Lagoon locations and from four Landfill Wetlands
locations will be used in the tests. Controls using water and references using aliquots of site water
will be used to compare the pore water toxicity results. If echinoderm embryos are not available,
bivalve embryos will be used.

The results of these tests will evaluate toxicity associated with surface sediment pore water. and
will be compared to the toxicity resulting from direct exposure to surficial sediment (see 5.3.2).
For pore water samples where toxicity is observed, a series of chemical separations (TIE) will be
performed on the pore water, with reexposure to the pore water aliquots conducted to identify the
source of toxicity. The pore water toxicity of subsurface sediments will not be tested because these
water samples are subject to significant oxidation during the test and any toxicity results are not
relevant to environmental conditions.

Scope of the Method. Pore water is often considered the prime exposure route to organisms in
sediment. Exposure of organisms to chemicals in pore water can have effects including
morphological, physiological, functional changes as well as limited/no changes and mortality. The
observed pore water effects on embryo development is limited to the test species, which were
selected on basis their sensitivities to sediment contaminants and their use in other studies in the
Bay area. While this species-specific limitation may negate the extrapolation of the overall sediment
toxicity findings, it is still the best indicator of toxicity in pore water.

The pore water samples to be used in the developmental tests will be extracted from sediment
samples using centrifugation and passive filtration procedures. The percent normal embryo
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development will be determined for each test. Water quality parameters such as salinity, pH,

percent oxygen and ammonia will be measured at the beginning of each test (Apha, 1995).
Temperature is recorded daily. The details of this test are contained in the SAP.

Developmental abnormalities are assessed in formalin fixed samples following a 72-hour exposure.

Status of Method. The embryo tests are based on modified ASTM method E-724-89 (ASTM,
1989) using methods discussed in Anderson et. al., (1995). The pore water extraction procedures
are not regarded as standard practices but are based on developing consensus within the
toxicological field that pore water should be extracted by centrifugation.

References.

American Public Heulth Association (APHA). 1995. Standards Methods for the Examination of
Water and W stewater. 19th Edition., Washington, DC.

American Society for Testing and Materials (ASTM), 1989. Guide for Conducting Static Acute
Toxiciry Tests Starting with Embryos of four species of Saltwater Bivalve Molluscs. Method
E 724-89. American Society for Testing and Materials, Philadelphia, PA.

Anderson. S.L., J.P. Knezovich, J. Jelinski, and D.J. Steichen. 1995. The Utility of using Pore-

Water Toxicity Tests to Develop Site-Specific Marine Sediment Quality Objectives for Metals.
LBL-37615.

5.3.1.2 Survival (Amphipod) Test

Method. A 10-day survival test using the amphipod, Eohaustorius estuarius. will be used to assess
survival in pore waters collected from the same sediment sources as used in the developmental
toxicity tests (see 5.3.1.1). Samples used for this test will be collected from the same areas as the
ones used in the embryo test and are discussed in the Sampling and Analysis Plan.

The amphipod survival test will provide supplemental information on the toxicity of the pore water
which will, in turn, further characterize the extent of sediment toxicity in the Seaplane Lagoon and
the West Beach Landfill Wetlands. The results of these tests will help to characterize toxicity
associated with pore water from surface sediment pore water, and will be compared to the toxicity
resulting from direct exposure to surfacial sediment (see 5.3.2). As with the developmental toxicity
tests, when pore water toxicity is observed, a series of chemical separations (TIE) will be
performed on the pore water, with reexposure to the pore water aliquots conducted to identify the
source of toxicity. The pore water toxicity of subsurface sediments will not be tested because these

samples are subject to significant oxidation duning the test and any toxicity results are not relevant
to environmental conditions.

Standard statistical procedures (USEPA, 1994) will be used to ascertain whether toxicity in

presumed contaminated sites varies significantly from toxicity observed in laboratory controls and
in pore water obtained from reference sediment.

Scope of Method. The amphipod 10 day survival test will be based on a modification of a method
by Swartz et al. (1985). For each test, five amphipods will be exposed to the pore water solutions.
Test parameters of interest will be the number of amphipods that survive. Amphipod survival will
be monitored daily and the dead ones will be removed from the test chambers. Temperature will be
monitored daily. Salinity, pH, percent oxygen and ammonia will be measured at the beginning and
end of each test (Apha, 1995). The details of this test are contained in the SAP.

Status of Method. This method is based on solid phase sediment toxicity methods for amphipods.
However, modifications have been made for pore water exposures. The principal modification is
that amphipods are exposed in SO ml pore water rather than in solid phase sediments.
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5.3.2 Sediment/Water Interface Corer (SWIC) Test

Method. This test will evaluate survival and developmental toxicity at the sediment-water interface
using the same two species (an amphipod and echinoderm embryos) as used for the pore water
toxicity tests. The test apparatus consists of a mesh enclosure containing the test species that is then
placed on an intact sediment core to simulate the actual exposure experienced by epibenthic
organisms. This device is described in the Sampling and Analysis Plan. The surface sediment
cores used in the tests will be collected from the same three locations in the Seaplane Lagoon as the
pore water sample tests. In second phase of experiments, the SWIC test will be conducted using
intact sediment cores from depths at O-m, 1-m and 2-m collected at two locations near the outfalls
where the highest chemical concentrations in sediments are expected.

The test results for surface sediment systems will be compared to the respective pore water tests to
determine whether toxicity varies significantly among different exposure techniques. The results
for the second phase of experiments that use the deeper core segments will be used to determine the
potential toxicity should the overlying sediments be removed and benthic organisms then be
exposed to the nouveau sediment bed that remains. The results of the SWIC tests will then be used
to evaluate whether excavation of sediments will mitigate benthic toxicity in the Seaplane Lagoon.
SWIC tests will not be performed using Landfill Wetland sediments because the site has not been
sufficiently characterized to warrant advanced testing.

Scope of Method. The two species (amphipod and echinoderm) will be placed in separate whole
sediment cores (approximately 12 cm length) using the sediment water interface exposure system
shown in the SAP. Organisms will be observed only at the end of the exposure period to avoid
disturbing the integrity of the core. These tests are described in greater detail in the Sampling and
Analysis Plan. The reported results will consist of observed changes in the test species, including
developmental anomalies in urchin embryo and mortality in amphipods. Reported data will be
limited to effects on these two species as a function of depth. Correlations between toxicity and
variations in chemical concentration with depth will also be examined.

Status of Method. The SWIC test represents an innovative procedure that has been used by the Co-
Principal Investigators and one other research laboratory in California, and is an important test for
better simulating epibenthic exposures than pore water exposures alone.

Method References.

Anderson, B.S., J.W. Hunt, M. Hester, and B.M. Phillips. 1995. Assessment of Sediment
Toxicity at the Sediment-Water Interface. In Press in Techniques in Aquatic Toxicity. CRC
Press, Boca Raton, Florida.
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5.3.3 Pore Water Toxicity Identification Evaluations (TIE)

The objectives of TIE are to identify the classes and then specific chemicals responsible for pore
water toxicity at the Seaplane Lagoon and the West Beach Landfill Wetlands. The tests are
conducted in phases to evaluate toxicity due to (1) ammonia and sulfide, (2) dissolved metals, and

(3) organic chemical constituents. (See Figure 5-1 "Approach for toxicity identification
evaluations.”)

5.3.3.1 Ammonia and Sulfide Toxicity Assessment

Method. The test will measure total ammonia and sulfide concentrations using an ion-specific
electrode, and a modification of the methylene-blue method, respectively. The details of these tests
are contained in the Sampling and Analysis Plan. Ammonia and sulfide tests are necessary to

establish whether these chemicals are present at concentrations that are toxic to test organisms used
to evaluate sediment toxicity.

Scope of Method. Ammonia and sulfide occur naturally in anoxic environments, and can be a
source of toxicity to benthic organisms. The concentrations of these constituents and their toxicity
is pH dependent. Both NH; and H,S values in excess of LC- or EC- 50s will be reported as toxic
units - (TU) and will be removed from pore water via passage through zeolite and by gentle
aeration for 2 hours before the subsequent testing phase.

Status of Method. Determination of ammonia and sulfide as H,S is based on standard/modified

methods. Data recently developed by the CoPrincipal Investigators will permit the evaluation of
their potential contribution to sediment toxicity.

References.

American Public Health Association (APHA). 1995. Standard Methods for the Examination of
Water and Wastewater. 19th Edition., Washington, DC.

5.3.3.2 Metals Toxicity Assessment

Method. This test will evaluate sediment toxicity due to the presence of bioavailable metals. (See
Figure 5-2 "Pathway for the assessment of metalinduced toxicity.") This procedure will add a
metal chelator to an aliquot of pore water showing toxicity to determine if selected metals may be
responsible for the observed toxicity. Specifically, the chelator ethylenediaminetetracetic acid
(EDTA) will be added to water to reduce the bioavailability of Cd, Cu, Cr, Hg, Ni, Pb and Zn.
Following chelation, the pore water will be evaluated for toxicity to determine whether heavy
metals were responsible for toxicity. The details of this test are contained in the Sampling and
Analysis Plan.

If a decrease in toxicity due to the addition of chelators to pore water is observed, the untreated
pore water solutions will be analyzed for specific trace metals to determine the concentrations of
metals present For those metals believed to be the cause of toxicity, seawater solutions will be
prepared and dosed with metal concentrations to simulate and confirm the toxicity of metals in the
system.

Scope of Method. The metal chelation procedure will be conducted in parallel with toxicity
evaluations. Chelators such as EDTA are well known to decrease the availability of metals to
exhibit toxicity. Analyses of individual metals in pore water by standard spectrophotometry will
permit comparison to existing toxicity data for metals. Contribution of individual metals to toxicity
can then be determined. The details of this test are contained in the Sampling and Analysis Plan.
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Status of Method. The use of chelating agents to control metal availability in aqueous solutions is a
well established procedure, and has been used by the Co-Principal Investigator in TIE analyses.

References.

Allen, HE., G.Fu. and B. Deng. 1993. Analysis of Acid Volatile Sulfide (AVS) and
Slmultaneously Extracted Metals for the Estimation of Potential Toxicity in Aquatic
Sediments. Environ. Toxicol. Chem. 12: 1441-1453.

Ankley. G.T., V.R. Mattson, E.N. Leonard, C.W. West, and J.L. Bennett. 1993. Predicting the
Acute Tox1cnty of Copper in Freshwater Sediments:

Evaluation of the Role of Acid-volatile Sulfide. Environ. Toxicol. Chem. 12:315-320.

5.3.3.3 Polar and Non Polar Organic Toxicity Assessment

Method. This test assesses the toxicity that can be attributed to organic chemicals in pore waters.
Organic chemicals in pore water will be fractionated using solid-phase extraction (SPE) techniqu:
followed by fractionation using high pressure liquid chromatography (HPLC). The resulting
HPLC fractions are then subjected to gas chromatography/mass spectrophotometry (GC/MS) or
HPLC/MS analyses for the determination of polar and non-polar chemicals, respectively. The
details of this test are contained in the Sampling and Analysis Plan.

Method Scope. The different organic toxicants characterized by class and by concentrations will
provide additional data for use in these toxicity tests. Standard concentration units will be used to
report analytical and toxicity data. Figure 5-3 shows the pathway for the determination of organic

compound induced toxicity. The SPE techniques isolate the toxicants and prevent interference
during analyses by HPLC, HPLC/MS and GC/MS methods.

Pore water demonstrating toxicity will be fractionated into acid-, base- and neutral classes which
would then be analyzed by standard chromatographic methods. The separation process employs
the behavior that acidic non-polar compounds like phenols, basic non-polar compounds like
aromatic amines and neutral chemicals like PCBs, pesticides and PAHs, will pass through C-18
columns at pH values of 6, 9, and 7.8, respectively.

Status of Method. The methods for analysis of organic constituents in the aqueous phase generally
follows procedures described in SW 846. The CoPrincipal [nvestigator has extensive experience in
using the separation methods and organic analysis procedures in TIE efforts.
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5.3.4 Acid Volatile Sulfide and Simultaneously Extracted Metal

Method. The test for acid volatile sulfides (AVS) and simultaneously extracted metals (SEM)
determines the sulfide and metal concentrations in solutions of sediment samples extracted with
concentrated hydrochloric acid. Comparisons of the sulfide and metal concentrations are then used
to predict the toxicity of sediment associated with bioavailable metals. SEM/ AVS measurements
will be conducted on all surface and subsurface samples collected for toxicity testing.
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A SEM to AVS ratio of less than unity indicates that all metal is bound as sulfide and no toxicity is
predicted; a ratio greater than unity indicates that metal is bioavailable and may exhibit toxicity. The
test results are also applicable to assess the amount of metals that would be released by oxidation
processes if the sediments are aerated, such as when disturbed during excavation.

Scope of the Method. The SEM/AVS test assumes that sulfide precipitation controls the solubility
of metals in solution in anoxic sediment systems. As discussed earlier, metals in sediments can be
present as the insoluble metals sulfides. This method is applicable to the anoxic sediments at the
two sites and will depend on sequential analysis for sulfides and heavy metals. Thus, the AVS
measures the total sulfide concentration (solid and aqueous phase), and the SEM measures the
readily extractable metals concentration in the sediment. Heavy metals to be qu.ntified include Cd,
Cu, Cr, Zn, Pb, Ni and Hg. Literature reports that sediments with high metal concentrations and
high AVS do not exhibit metal related toxicity.

Status of Method. The SEM/AVS method has been published in peer-reviewed literature, and has
been extensively tested to demonstrate its validity of predicting sediment toxicity in anoxic
systems.
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5.4 BIOAVAILABILITY EVALUATION

The bioavailability evaluation is intended to assess the uptake of chemicals from contaminated
sediments from the Seaplane Lagoon and from the West Beach Landfill Wetlands. The objectives
of the bioavailability tests include determining (1) the degree to which chemicals in sediment
bioavailable to deposit-feeding invertebrates, and from which sediment locations in the chemicals
are most bioavailable, (2) which chemicals exhibit the greatest bioavailability; and (3) how
bioaccumulation of contaminants from these sediments compare with other locations within San
Francisco Bay. Bioavailability will be evaluated using two methods, (1) a standardized bivalve
bioaccumulation test, and (2) a sediment extraction procedure using the digestive fluids of a marine
worm. The two tests wiil be conducted on split samples from homogenized sediment samples from
several locations to provide a direct comparison of the two bioavailability methods.

5.4.1 Bivalve Bioaccumulation

Method. Bivalve bioaccumulation tests have been one of the principal traditional means of
assessing the bioavailability of sediment-associated contaminants. The bivalve bioaccumulation test
will be conducted by exposing clams (Macoma nasuta) to sediment samples collected from the
locations at the Seaplane Lagoon, the West Beach Landfill Wetlands, San Francisco Bay reference
sites and a control sediment (home site). The bivalves will be exposed to the sediments for 28
days, and the tissue will then be analyzed for PAHs, PCBs, and DDT. The bivalves used in the
tests will be obtained from a relatively pristine control site (e.g. Tomales Bay, California or
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Sequim Bay/Discovery Bay in Washington State). The experimental procedures and details of this
test are contained in the Sampling and Analysis Plan.

Scope of Method. The bivalve bioaccumulation test simulates the chemical exposure and uptake of
a deposit-feeding bivalve to contaminated sediment. Sediments to be tested will be placed in
aquaria and the bivalves added to the sediment. After 28 days, the bivalves will be sacrificed and
the tissue residue analyzed by GC or CG/MS. Tissue residue data will be contrasted to data sets
available elsewhere such as bivalve bioaccumulation data from the Port of Oakland, and the Food
and Drug Administration's action levels for PCB and DDT. Data on bioaccumulation from

Seaplane Lagoon and West Beach Landfill will be compared with data from the three San
Francisco Bay reference sites (see 5.4.2).

For purnoses of comparison, large bivalves will be collected during sampling in the Seaplane
Lagoon, and the tissue will be analyzed then for the same suite of organic chemicals. These data
will establish the degree to which 28 day laboratory bivalve exposure tests accurately reflect in situ
bioaccumulation by resident species.

Status of Method. Bioaccumulation by the clam, Macoma nasuta, is a standardized and widely
used procedure to test bioavailability of sediment-bound contaminants. Dredged material
throughout the country is typically tested by this procedure to determine environmentally-sound
disposal options (EPA/COE, 1994) and the EPA has promulgated standard procedures for
conducting these tests (Lee et al., 1989).
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5.4.2 Digestive Fluid Extraction

Method. Bioavailability will also be assessed by a novel method of sediment extraction using the
digestive fluid from a marine worm, Arenicola brasiliensis. Digestive solubilization will be
reproduced in vitro using the digestive fluid extracted from sacrificed worms. Selected organic
chemicals solubilized into the digestive fluid by this procedure will be measured he bioavailable
contaminant fraction. The sediment concentrations of PAHs, PCBs and DDT will be quantified

(ng/kg), as well as the fraction of the contaminant solubilized by digestive fluid (ug/l). The
solubilized contaminants will be regarded as potentially bioavailable, representing the maximum
concentration of organic chemicals that can be extracted from sediment as that sediment passes
through the gut of a deposit-feeding organism. The details of this test are contained in the Sampling
and Analysis Plan.

Sediment cores will be collected from locations near outfalls in the Seaplane Lagoon. These cores
will be used for bioavailability testing using sediment segments from surface sediments and from
depths of 1 meter and 2 meters. Tests will also be conducted using surficial sediment samples
collected from three locations in the permanently flooded areas of the West Beach Landfill
Wetlands. Additionally, a total of three reference samples will also be obtained from three central
Bay sites, roughly off Alameda, Yerba Buena and Tiburon. Ancillary data including TOC, water
content and grain size will also be measured from the sediment samples.

Scope of Method. The deposit-feeding polychaete Arenicola brasiliensis will be collected from
intertidal areas of the central California coast, and digestive fluid extracted. The sediment samples
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will be incubated in the digestive fluid for 4 hours after which the suspension will be centrifuged
and the supernatant recovered for organic analyses by GC or GC/MS.

The method is based on the assumptions that ingestion of contaminated food is an important route
of contaminant uptake and that solubilization of contaminants during digestion is a necessary
prerequisite for bioaccumulation. These assumptions are likely to be most valid for hydrophobic
and persistent contaminants with a high bioaccumulaton potential, and it is compounds such as
these on which we will focus (i.e. PAH, PCB, DDT).

Status of Method. The method is based on a published procedure in the literature (Mayer et al., in
press). It was onginally developed with funding by the Office of Naval Research, and has

subsequently been used to evaluate sediments in southern California, San Francisco Bay, New
England and Europe.

References.
Mayer, L., Z. Chen, R. Findlay, J. Fang, S. Sampson, L. Self, P. Jumars, C. Quetel, and O.

Donard. 1996 In press. Bioavailability of Sedimentary Contaminants Subject to Deposit-
feeder Digestion. Environmental Science and Technology.

5.4.3 Sediment/Water Partitioning Evaluation

Method. The sediment water partitioning of PAHs and PCBs will be evaluated using organic
carbon measurements (see 5.5.2) and the measured concentration of the PAHs and PCBs in
sediments using a Freundlich isotherm relationship. These data are important for understanding the
potential mobility and bioavailability of hydrophobic organic chemicals in sediments in the
Seaplane Lagoon and Landfill Wetlands.

Scope of the Method. The estimation of sediment/water partitioning of organic chemicals is a well
established procedure (Karickoff, 1984; Schwartzenbach et al., 1993). The organic carbon data
will be evaluated to ascertain whether the organic phase media is better regarded as soil organic
matter, where a Freundlich isotherm sorption is appropriate, or as a hydrocarbon phase where a
Raoult's Law relationship controls the partitioning. Because of the expected low concentrations of
PAHs or PCBs in the Seaplane Lagoon and Landfill Wetlands and their large partitioning
(equilibrium) constants, the calculations will be focused on estimating the upper limits on
concentrations and associated uncertainties of the these chemicals in pore waters and overlying
waters.

Status of the Method. The use of organic carbon data and sorption isotherms is documented in the
environmental literature (Karickhoff, 1984; Schwartzenback et al., 1993).

References.

Karickhoff, S.W., 1984 Organic Pollution Sorption in Aquatic Systems. J. Hydraulic Engineering
110, 707-735.

Schwartzenback, R.P., PM Gschwend, and PM Imboden, 1993. Environmental Organic
Chemistry John Wiley and Sons, New York.

5.5 TRANSPORT PROCESSES ASSESSMENT

Information on the deposition history of chemicals in the Seaplane Lagoon and the current and
future migration of chemicals with groundwater in the saturated zone is required for assessing the
risks at the site. This information is also critical for selecting remedial options that include either an
intrinsic remediation component or a "no further action” decision. These are proposed studies on
transport processes for chemical migration from the West Beach Landfill and from the Landfill
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Wetlands into the Bay waters. The studies described below represent an approach to provide this
information.

5.5.1 Lead-210 Profile in Sediment

Method. This task will develop a profile of the concentration of the naturally occurring radioisotope
lead-210 as a function of depth in a sediment core from the Seaplane Lagoon. This profile will be
used to estimate the age of the sediment layers and sediment accumulation rates based on the
known rate of lead-210 decay. Techniques using such radioisotopes are very useful in tagging
sediments such that through the natural isotopic decay, the age of the sediments can be determined.
The main focus will be on lead-210; other radioisotopes will be explored if present.

This technique will provide estimates of sediment age (years before present) as a function of
sediment depth at 20 cm intervals using a 3 m sediment core from the Seaplane Lagoon. These datz
will be integrated with data from the transformation tasks to evaluate intrinsic transformation rat=s
of organic chemicals of concern at the Seaplane Lagoon. Lead-210 profiles as a function of
sediment depth will not be developed for the West Beach Landfill Wetlands because the long term
sedimentary profile has not been accumulating in the ponded area of the wetlands. Actual lead-210
measurements are presented as activities (Becquerel/kg, or Bg/kg of sediment).

Scope of the Method. The major assumption of this commonly used technique is that lead-210 is
elevated in near-surface sediments due to the deposition of lead-210 into sediments and soils from
the decay of radon222 in the atmosphere. This radioactive decay chain has its origin in the decay of

uranium-238 that is naturally present in most soils. The isotopic decay series includes the
following isotopes:

Uranium-238 — Uranium-234 — Thorium-230 — Radium-226
— Radon-222 — Polonium-218 — Lead-214 — Bismuth-214
— Polonium-214 — Lead-210 — Thallium-210 — Bismuth-210
— Polonium-210 —» Lead-206 (stable).

When atmospheric radon decays, lead-210 is rapidly formed and strongly partitions onto
atmospheric particles, which are deposited and accumulate in the sediment. Lead-210 has a half life
of 22.3 years and provides a good too] for evaluating sedimentary processes over the last 10 to 200
years (one half to 10 half-lives).

The application of the method to radiodating sediments initially assumes that excess lead-210 in the
sedimentary profile comes from the atmospheric deposition of lead-210 that decayed from radon-
222. In the San Francisco Bay area the radon in the atmosphere reflects the uranium content of
native near-surface rocks and soils. Studies of Fuller and Hammond (1983) in the Newark Slough

near South San Francisco Bay observed a mean lead-210 fallout rate of 0.15+0.01 dpm/cm™-yr in
rainwater and 0.14 dpm/cm™-yr from the sediment profile (1 dpm=1/60 Bg). These values are
expected to be found in the Seaplane Lagoon sedimentary profile and are within the range of
measurement techniques for a sedimentation rate of 1 gram per square centimeter per year (g/cm’-
yr).

The assumption of excess lead-210 coming from atmospheric radon would be incorrect if radium-
based luminescent paints have been released into the Seaplane Lagoon or nearby waters during past
Navy operations. However, in this case the presence of radium-based luminescent paint waste in
the sediment profile will provide a stronger radioisotope signal that provides an alternative dating
tool for the time period of 1940 to 1950 when these paints were likely used. If sediment samples at
a depth demonstrate an elevated level of lead-210, those samples will be subjected to gamma
particle counting to confirm the presence of radium-226. Gamma counting will also measure the
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activity of cesium-137, and this information can also be used for dating the sediment profile.
Cesium-137 has a half life of 30 years and was introduced into the hydrologic cycle during
atmospheric nuclear weapons testing and some nuclear reactor accidents. Because cesium strongly
partitions onto particles, it is also a good dating tool for determining sediment ages and sediment
accumulation rates; most investigations that age-date sedimentary profiles utilize lead210 in

conjunction with cesium-137. The analysis procedures for radium-226 and cesiuml37 are
described in the SAP.

Another initial assumption in interpreting sedimentary profiles is that the sediment is not mixed.
This condition was likely at the Seaplane Lagoon given the contamination levels that ought to have
limited macrofacna bioturbation. The actual profiles of redox sensitive cheraical species such as
oxygen, iron(Il), and sulfide measured as part of geochemistry studies (Section 5.1.1) will indicate
if this is reasonable over short time scales of days at the Seaplane Lagoon. The lead-210 profile
will indicate if surface

sediment mixing is happening on longer time frames. If substantial surface sediment mixing is
found. an added parameter will be required for a mixed depth correction in the calculations for the
sediment profile as has been used in previous investigations (Christensen, 1982).

Status of the Method. Lead-210 has been used for many years in determining sediment ages and
sediment accumnulation rates in depositional environments (Krishnaswami et al., 1971; Koide et
al., 1973; Robbins et al., 1975). The decay rate constant for lead-210 is inversely proportional to
the half life and is known to better than one percent. This tool has had continued use in studies of
the pollution history in estuaries and lakes for metals, pesticides, and persistent organics like PCBs

(for example: Bruland et al., 1974: Edgington and Robbins, 1976; Wong et al., 1995; Latimer and
Quinn. 1996).
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5.5.2 Measurement of Lagoon Sediment Properties (Density, Organic
Content, Void Ratio, and Compressibility)

Method. The density, organic content. and void ratio, and compressibility of sediment core
samples from at least three depths in three meter sediment columns will be measured to establish
these sediment properties at three locations in the Seaplane lagoon. Two locations will be at the
outfalls sampled in other studies, and a third location will be selected based on the Acoustic
Imaging study.

The data for compressibility and organic content of the sediments are essential for determining the
potential for long term consolidation under existing conditions (that is, self weight) and for
surcharge conditions should a cap be placed on the sediments (Toormans, 1996). In addition, the
laboratory consolidation tests on the sediment samples used to determine the compressibility also
provides information on hydraulic conductivity at different overburden stresses. These data will be
used to calculate the overall sediment permeability for assessin_, flow of water and associated
chemical transport and the potential for water transport through sediments into the Merritt Sand
stratigraphic zone under a sediment cap (see also 5.5.3).

Scope of the Method. The sediment properties will be measured on 3 m core samples from three
depths in the lagoon. Measurements on core segments at closer intervals will be made depending
on observations of sediment character during the initial field examination and on the quality of data
required for the estimating the transport process, as is more critical if the sediment is in direct
contact with the Merritt Sand formation.

The consolidation tests will be performed using a constant rate of strain consolidometer with
internal pore pressure measurements. Because the sediments are relatively young, the apparatus
will be modified to allow measurements at very low vertical effective stresses. The organic carbon
content will also be used to calculate the long term-compressibility of the sediments due to organic
carbon mineralization. This information will also be used for calculating the sorption of organic
chemicals in sediment.

Status of the Method. The measurement of the properties will be performed using an ASTM
method (Method D2974-087). As noted above, the more recent nature of thesediments requires
modification of the consolidomter and special handling of the sample to get accurate measurements.
The measurements for this task will be performed in the UCB Geotechnical Laboratory under the
direction of Dr. Nicholas Sitar, who is the CoPrincipal Investigator for this task. Dr. Sitar is an
expert on flow in porous media, and has extensive experience in geotechnical measurements and
interpretation of flow data.

References.
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ASTM Standard D 2435-90, Standard Test Method for One-Dimensional Consolidatin Properties
of Soils. .
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Geotechnique 16(1), 103- 114.

5.5.3 Measurement of Seepage Fluxes in Seaplane Lagoon

Method. A study to evaluate the potential for water exchange between the Memtt Sand and
Seaplane Lagoon will be conducted if the acoustic imaging task demonstrates the Bay Mud strata is
not intact within the lagoon and that the above task (see 5.5.2) indicates that the sediment has a
permeability that is conducive to allow water flow and chemical transport between the two water-
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bearing zones. The study will consist of falling head tests in three temporary piezometers installed
into the Merritt Sand strata. One piezometer will be installed near each of the outfalls, with a third

piezometer placed at a midpoint in the lagoon. These data will be used to determine whether there is
an upward gradient into the lagoon.

Scope of the Method. A falling head test using piezometers is a standard procedure. The criteria for
installing the piezometers will be discussed and approved by the Navy before this task begins. The
feasibility of installing piezometers is also contingent on the depth to the Merritt Sand zone and the
depth of Bay Mud. A Bay Mud thickness of less than Im (as will be determined from the acoustic

imaging task) will be interpreted to indicate that the Bay Mud is not a competent barrier to prevent
transport between the two water-bearing zon<s.

For these tests, it is assumed that drive-point piezometers can be temporarily installed in the
lagoon. The piezometers will be placed into the Merritt Sand zone beneath the lagoon rather than at
locations around the lagoon because of the u.icertain depths of Bay Mud outside of the lagoon. At

the request of the Navy, this task may also be coordinated with the investigations being conducted
by PRC.

Status of the Method. As noted above, the use of piezometers and the falling head test for

measuring hydraulic conductivity is a common practice. Procedures previously prepared by PRC
will be used for this task.

5.5.4 Tidal Influence Study in Landfill Wetlands

Method. This task will evaluate the exchange of water among the bay, the West Beach Landfill
area, and the adjacent Landfill Wetlands. In a preliminary phase study, three piezometers will be
installed adjacent to the landfill, and the hydraulic conductivity of soils will be determined. In a
second phase study, the surface water levels in the ponded areas and in the piezometers and
monitoring wells will be measured over a 48-hour period following a high tide episode. These data
will then be used to assess whether water from within the landfill may be exchanging with ponded
water in the wetlands and/or the Bay waters. This information is critical for understanding chemical
transport among these water bodies.

Scope of the Method. There is currently no information to conclude whether there is exchange of
water between the landfill and the Bay, or between the Bay and wetlands other than by the culvert
in the western seawall. This task represents an empirical approach to evaluate whether chemicals in
groundwater in the landfill or in the wetlands may migrate into the Bay through fill soils and or
gaps in the seawall bordering the southern, western, and northern edges of NAS Alameda.
Although some tidal influence measurements have been made in the area of Site 2, the nature of the
fill material composing the seawall and also the levee separating the landfill and wetlands leaves the
possibility of localized conduits for water transport through the seawall or at the seawall/Bay Mud
contact. This empirical approach is a "full scale” dynamic experiment to determine whether the
landfill is isolated from the wetlands and B ay with regard to chemical migration pathways.

Installation of drive-point piezometers in the Wetlands area adj acent to the West Beach Landfill is
expected to be a relatively straightforward process in the shallow soils, and falling head tests will
be performed according to established procedures. For the Landfill Wetlands study, water levels in
surface gauges, piezometers and monitoring wells will be measured over a 48-hour period, which
is believed to be sufficient on a practical time scale. Water level decreases in the wetlands will be
corrected for evapotranspiration. The data collection and interpretation will performed under the
supervision of the Co-Principal Investigators, Dr. Nicholas Sitar and Dr. James Hunt, who have
extensive experience in groundwater flow, hydrology, and chemical transport processes.
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Basis for the Method. As discussed above, the basis for conducting the proposed study is a large
scale empirical approach to evaluate the dynamics of water exchange among the landfill, wetlands
and bay. This task will be conducted and results evaluated by Co-Principal Investigators in terms
of flow models, flow in porous media, and geotechnical evaluations.

5.6 INTRINSIC TRANSFORMATION PROCESSES

The occurrence of intrinsic transformation processes in Seaplane Lagoon sediments and in West
Beach Landfill Wetlands sediments and soils will be evaluated using several complementary
approaches. The lines of evidence for intrinsic processes include fingerprinting PAH and PCB
mixtures in the sediment column and in simulated sediment and soil systems, and the use of
isotopes for characterizing sources and microbial pathways. The sediment column depth profiles
will be compared to the lead 210 profiles to establish the time periods of deposition and, therefore,
the rates of the transformation processes. The intrinsic process of methane generation in lagoon
sediments will be measured for pctential use in the design of a sediment cap.

5.6.1. Fingerprinting PAHs, PCBs, Hydrocarbons, and Hydrocarbon
Tracers

Method. This task will develop depth profiles of PAHs, PCBs, petroleum hydrocarbons, and
naturally occurring tracer chemicals to characterize the depth distribution of these chemical groups
and evaluate the extent of transformations that have occurred under intrinsic conditions. Sediment
core segments will be analyzed for these constituents at 20 cm intervals over a total core depth of
three meters. As discussed in Section 2.0, limited data are available on the depth distribution of
organic contaminants in the Seaplane Lagoon, and no information is available on the rates of the
intrinsic transformations of PAHs and PCBs in lagoon sediments. Gas chromatography (GC)
fingerprinting methods will be used to analyze for specific chemicals within the sediment profile.

The information from this task will complement that on microbial activity and isotopic analysis to
evaluate microbial transformation of contaminants; the LBNL analytical laboratory and methods
used in this task will also be used for analyses of PAHs and PCBs in the subsequent intrinsic
transformation studies. The fingerprinting tools will also be applied to sediment in the West Beach
Landfill Wetlands to look for evidence of leaching and biotransformation of these chemicals. The
data reported for the Seaplane Lagoon sediments by PRC indicates that there should be sufficient
concentrations of chemicals present to identify PCB congeners to quantify transformations over
time periods of 20 to 50 years. Data for petroleum hydrocarbons, natural tracers, PAHs, and PCBs
will be presented in the units of mass per gram of dry sediment.

Scope of the Method. The analytical data developed for the Seaplane Lagoon sediments will
provide input to simple models for assessing contaminant alteration within the sedimentary profile.
The following sections describe the data that will be collected, precedents for such studies in the
literature, and how the data will be analyzed for this project.

Petroleum Hydrocarbon Analyses. Hydrocarbon properties change regularly within a class of
structures (alkanes, single ring aromatics, polycyclic aromatics), and these properties control the
relative reactivities and transport of chemicals within a class. It is expected that the alkane class will
dominate the petroleum hydrocarbon released into the lagoon. These hydrocarbon chemicals, as
analyzed by GC, will be broken down into carbon fractions such as C10to C14, C15 to C19, C20
to C24, etc., to assess source terms and evidence of weathering and microbial transformations.
The GC fingerprint will indicate the origin of the petroleum hydrocarbons and their alteration by
weathering and microbial degradation as described by Bruce and Schmidt (1994). Additionally,
petroleumn hydrocarbons include naturally-occurring tracers that are more recalcitrant towards
biotransformation than the bulk material composed primarily of normal alkanes. Early hydrocarbon
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fingerprinting studies utilized the isoprenoids pristane and phytane as tracers present in crude oils,
although they were observed to degrade aerobically after one year (Gundlach et al., 1983). More
recently, hopanes have been shown not to degrade over six months in laboratory experiments
(Prince et al., 1994). Wang et al., (1995) demonstrated the application of this technique to a crude
oil spill in the Arctic that had been weathering and degrading for 12 years. For this task, hopanes
will be identified to see if they are a useful monitor of hydrocarbon disappearance by
microorganisms within Seaplane Lagoon and sediments upland of the Landfill Wetland.

A few examples are useful to illustrate the approach to contaminant fingerprinting. Consider three
sediment samples that contain petroleum hydrocarbons and the tracer, hopane, as follows:

Sample Depth Age Petroleum Hopane Ratio

No. (Yr) Hydrocarbon (mg/kg) Hopane/Petroleum
(mg/kg) Hydrocarbon

1 surface 0-5 10,000 0.10 16°

2 midpoint 20-25 15,000 0.15 10”

3 deep 40-45 20.000 0.20 10™

Here the total hydrocarbon and hopane concentrations vary with depth, but their ratios are the same
indicating no selective removal of the hydrocarbons compared to hopane. This indicates that there
1s no microbial transformation of the hydrocarbons in the sediment core.

Another scenario is as follows:

Sample Depth Age Petroleum Hopane Ratio

No. (Yr) Hydrocarbon (mg/kg) Hopane/Petroleum
(mg/kg) Hydrocarbon

1 surface 0-5 10,000 0.10 10”

2 mudpoint 20-25 15,000 0.30 2x10~

3 deep 40-45 20,000 0.80 4x10”

In this example, the hopane to hydrocarbon ratio increases with depth, indicating that the
hydrocarbons are being degraded if hopane is a conservative tracer. For sample 2, the hopane to
hydrocarbon ratio is twice what it is in the near-surface sample indicating that sample location 2
started out 20 years ago with twice the current hydrocarbon concentration. Forty years ago, the
deepest and oldest sediment was at the surface and its initial hydrocarbon concentration was four
times the current amount. This data set is thus consistent with a low-level degradation rate for
hydrocarbons having a half life of 20 years.

The final example for hydrocarbon tracers will be for the following possible data:

Sample Depth Age Petroleum Hopane Ratio

No. (Yr) Hydrocarbon (mg/kg) Hopane/Petroleum
(mg/kg) Hydrocarbon

] surface 0-5 10,000 0.10 10”

2 midpoint 20-25 | 15,000 0.30 2x10”

3 deep 40-45 20,000 0.40 2x10”

This example is the same as above for the surface and mid-depth samples, indicating a 20 year
half-life for the hydrocarbons. The deep sample at an age of 40 years shows the same hopane to
hydrocarbon ratio as the middepth sample, and indicates no further hydrocarbon degradation has
happened. A better interpretation for this data set is that the hydrocarbons are being degraded in the
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near-surface layer where redox conditions are more favorable for degradation. The actual thickness
of this layer would be assessed through samples collected in the intermediate depth layers having
ages between 5 and 20 years.

PAH Analyses. PAH concentrations will be measured by GC, and ratios of concentrations among
PAH constituents and for PAH to total hydrocarbons will be calculated to obtain evidence of
different contamination sources and for selective microbial oxidation. The PAHs have several
sources such as crude oil residues (as present in Bunker C fuel), used crankcase oil, and
combustion sources. As with aliphatic components of crude oil, there are PAH components that
have been used as indicators of PAH origin. For example a ratio of phenanthrene to anthracene
greater than 50 is representative of fresh Number 2 fuel oil whilz a ratio around 8 indicates used
crankcase oil (Latimer and Quin, 1996).

Recenu reports have noted that naphthalene and phenanthrene were oxidized to carbon dioxide
unde ¢ sulfate reducing conditions in contaminated sediments froia San Diego Bay (Coates et. al.,
1996). Other studies have demonstrated that the more soluble PAHs are preferentially
biotransformed. Slurried experiments found the first evidence for this transformation when labeled
compounds were added to the sediment. In partial support of this approach, Erickson et. al. (1993)
found that addition of naphthalene and phenanthrene to contaminated soil resulted in rapid aerobic
degradation, while the PAHs originally found in the soil were unavailable for microbial
degradation. The paper by McGroddy et al. (1996) shows that PAHs are unavailable for
desorption and therefore are not readily biodegradable. A focus of the PAH studies will examine a

possible shift from light to heavy PAHs with depth being caused by dissolution and degradation of
the lighter molecules such as naphthalene.

PCB Analyses. The data analysis for PCBs will be potentially complex since PCBs can exist in
209 different congeners - a biphenyl group with anywhere from 1 to 10 chlorines attached in
various locations. The interest in specific PCB congeners is that toxicity and transport are functions
of the number and placement of chlorines on the biphenyl backbone. The most toxic congeners
contain two para and at least two meta chlorines. In general there is a trend for highly chlorinated
PCBs to be dechlorinated to lesser chlorinated PCBs under anaerobic conditions. This has a net
reduction in toxicity since a decrease in chlorination correlates with a decrease in toxicity
(Abramowicz, 1990). There is evidence in the literature that the more chlorinated PCBs can be
dechlorinated to less toxic forms in anaerobic freshwater and estuarine sedimentary environments
(Abramowicz, 1990; Brown et al., 1987; Brown and Wagner, 1990; Lake et al., 1992; Alder et
al., 1993; Ofjord et al., 1994; Bedard and May, 1996). The less highly chlorinated PCB congeners
can then be aerobically degraded.

Most research on PCB dechlorination has been conducted on freshwater sediments where
anaerobic conditions promote methane generation. There is some uncertainty in the scientific
community whether PCB dechlorination can occur under sulfate reducing or methanogenic
conditions in marine systems. Lake et al. (1992) show evidence of PCB dechlorination in New
Bedford Harbor sediments and arrived at half lives of 4 to 19 years for specific congeners, but the
authors did not indicate if the sediments were sulfate reducing or methanogenic. Alder et al. (1993)
detected no PCB dechlorination under sulfate reducing conditions while Ofjord et al. (1994) did
observe 7 to 8 percent dechlorination over a one year period in the presence of sulfate. Bedard and
May (1996) report parent PCB congeners in sediment samples decreased by 5 to 14.6 mole percent
and the presumptive dechlorination products increased by 4.5 to 13.0 mole percent, demonstrating
an excellent balance of reactants and products. These studies have shown Aroclor 1260 breakdown
congeners in a natural sediment and identified congener degradation sequences useful for
reconstructing the initial composition and the extent of degradation. Sokol et al. (1994) have
reported that Aroclor 1248 has been partially dechlorinated in the sediments from two locations of
the St. Lawrence River.
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Abramowicz et al. (1993) reported that PCB degradation rates increased linearly with PCB
concentration over the range of 0 to 250 ppm. On the other hand the results of Sokol et al. (1994)
show reductive dechlorination of PCBs in Saint Lawrence River sediments, but find the extent of
dechlorination is highly variable within a small area. The authors suggest that in situ dechlorination
was inhibited by high levels of metals and/or PAHs (greater than 5000 mg/kg). This could be a
concern in the Seaplane Lagoon where high concentrations of metals have been reported.

Given the existence of PCBs in the Seaplane Lagoon sediments at greater than part per million
levels, the studies will look for evidence of long-term transformations in the age-dated profile
similar to those reported in literature. An example is shown below demonstrating how rates can be

obtained from the sediment record when onl two congeners, trichloroPCB and hexachloro-PCB
are considered:

Sample trichloro-PCB hexachloro-PCB
Original PCB 209, 80%
Sediment PCB 60% 40%

Based on the history of PCB usage, the initial congener composition within the PCB is assumed
known and sediment data show the final composition after 40 years of burial. Given that half of the
hexachloro-PCB has been transformed to trichloro-PCB in 40 years the half life for this reaction is
40 years. Since spilled PCBs are more complex than the above example illustrates, looking for
evidence of transformation in the sediment profile is one method of determining in-situ rates when
the rates are very slow, such as when half-lives greater than 5 years.

Status of the Method. Analyses of PCB and PAHs will use standard analysis methods, likely
modified with the use of different temperature programs to achieve better separation of
constituents. Hopanes have been used along with other compounds for tracing the extent of crude
oil biodegradation in natural environments. Data on PAH biodegradation in marine sediments is
scarce. PCB dechlorination reactions have also been studied in the Hudson River by General
Electric Company where they showed that the reactions are relatively slow. The PCB analysis
approach used in these studies will follow the previous studies and is expected to provide bounds
on in-situ transformation rates in lagoon and wetland sediments.
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5.6.2 Sources of Transformation Products Using Isotope
Measurements

Method. Measurements of the carbon isotope compositions of dissolved methane and dissolved
inorganic carbon (DIC) in the sediment pore waters from the Seaplane Lagoon will be used to
determine if these products of carbon mineralization are derived from the intrinsic
biotransformation of petroleum materials previously released into the lagoon. The isotope
measurements will be performed on sediment core segments taken from a 3 m core near an outfall.
In a similar study for the Landfill Wetlands, the carbon isotope compositions of methane and DIC
in ground water and porewaters will signify whether petroleum materials are the source of these
metabolites; isotopic measurements of carbon dioxide and possibly methane in soil gases from the
vadose zone soils will provide information to complement the isotope analyses for water samples.
The nitrogen isotope ratios in Landfill Wetland pore waters will also provide information on
possible anthropogenic sources of nitrogen (such as munitions chemicals) from the landfill.

The carbon isotope ratio data from these studies will demonstrate whether intrinsic
biotransformation of petroleum hydrocarbons is occurring in Seaplane Lagoon sediments, and
provide some indication of the microbial processes that occur in the sediments. The carbon isotope
measurements on organic carbon in the sediment will also determine the amount of petroleum
material present compared to the more recent natural organic material. Isotope ratios for carbon
dioxide in groundwater and soil gas in the Landfill Wetlands area will also be used to assess
migration of petroleum transformation products from the landfill.
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Scope of the Method. At NAS Alameda, radiocarbon ('*C) measurements are particularly well
suited for determining the contribution of petroleum hydrocarbon compounds to the carbon budget
in sediment. "*C is a radioactive isotope of carbon produced by interaction of cosmic rays with the
upper atmosphere. Because of the relatively short half-life of '“C (5730 years), it is essentially
undetectable in fossil carbon sources, such as crude oil and petroleum products, formed more than
60,000 years ago. All the other potential sources of carbon at NAS Alameda (natural soil organic

matter, carbonate shells, atmospheric carbon dioxide) are relatively recent and have near modern
levels Of "*C (Conrad et al., 1995).

The stable carbon isotope ratios (“C/“C) will also aid in differentiating the sources of methane and
DIC, and wi'l be useful for distinguishing the dominant microbial prccesses controlling their
concentrations of in the sediments (e.g., methanogenesis, methane oxidation). These processes
cause distinctive shifts (or fractionations) in the “C/2C ratios of the compounds produced.
Coupling the "C/*C data with the '*C data (which are essentially unaffected by the fractionating
effects of the.e processes) will make it possible to separate the effects o. the microbial processes
from the effects of diffusion.

Isotope ratios in groundwater from the Landfill Wetlands and downgradient areas will be used to
assess the possible presence of migrating chemicals toward the wetlands from the landfill. The
nitrogen isotope ratios (°N/*N) of different potential sources for groundwater nitrate (e.g., plant
matter. fertilizers, munitions such as TNT, sewage waste) can often be resolved by their nitrogen
isotope signature (Chapelle, 1993). The initial oxygen isotope ratios (‘*0/°Q) of nitrate are
predictable (resulting from a combination of groundwater and atmospheric oxygen). Use of nitrate
for microbial metabolic processes causes both the *N/*N and '®0/°O ratios of the residual nitrate to
be shifted (fractionated) towards higher values. The combination of these two measurements can
be used to help determine both the source of the nitrate and the degree of microbial utilization of the
nitrate (Kendall et al., 1993). These measurements will provide data for evaluating the fate of
nitrogen-bearing compounds in the landfill and the degree to which microbial activity is limited by
the supply of nitrogen.

Status of the Method. The use of isotope measurements for assessing chemical sources and
processes is reported in the geochemical literature, but the application of these methods is limited
by the expertise and analytical equipment required for making the measurements and interpreting
the analytical data. The measurements for this task will be performed at the Center for Accelerator
Mass Spectrometry at LLNL Collection of samples, preparation of the samples for analysis, and
the isotopic measurements will be supervised by Dr. Mark Conrad of LBNL; Dr. Conrad has
extensive experience for the proposed studies, including studies conducted at NAS Alameda.
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5.6.3 Intrinsic Production of Methane in Anaerobic Lagoon
Sediments

Method. This task will assess the rate and volume of methane produced in sediment from the
Seaplane Lagoon. The methane production will be measured for 20 cm segments taken from a 3 m
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core from the lagoon. This information is important for the design of a sediment cap that is a
potential remedial option for the Seaplane Lagoon and to assess the presence of methane that may
promote anaerobic alteration of PCBs. The evolution of methane from Landfill Wetlands will not
be evaluated because there are no plans for the wetlands area to be capped.

Scope of the Method. The production of methane from sediments is a well recognized process.
Although the production of methane in the Seaplane Lagoon has not been documented, it is
expected that at some depth in the sediment column the system is methanogenic (that is, methane
generating). It is likely that the Holocene Bay Mud is also methanogenic. The production of
methane from 20 cm intervals over a 3m column will be measured to determine the depth at which
methane is generated, and the amount of methane generated 2* successively greater depths. The
production of methane is of concern because the rate and amount of methane production must be
known to assess the feasibility of a sediment cap and to design the cap.

St..tus of the Method. The procedure to be used is based on a iaethod (Simbert and Krieg, 1994),
and is discussed in the SAP.
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5.6.4 Intrinsic Transformation of PAHs and PCBs in Anaerobic
Lagoon and Wetland Sediments.

Method. This task will evaluate the intrinsic biotransformation of PAHs and the PCB congeners
that are present in anaerobic saturated sediments in the Seaplane Lagoon and Landfill Wetlands.
The results of this experiment will be used to estimate the rates of transformations of PAH and
PCB chemicals in saturated anaerobic sediment systems maintained under simulated natural
conditions in the laboratory. Anaerobic systems will be reestablished in the laboratory using
anaerobic sediment segments from the 0.5 m to 1.0 m depths of sediment cores collected from one
location in the Seaplane Lagoon and from one location in a ponded area of the wetland.

The intrinsic property of the sediments will be defined by using site sediments maintained under
anaerobic conditions and without adding any nutrients or study chemicals (PCBs or PAHs). The
anaerobic system will be undisturbed except for mixing under anoxic conditions prior to sampling
(see below). The concentrations of PCB congeners and selected PAHs will be measured after
periods of 3 months and 6 months to evaluate the rate at which these chemicals are being
transformed. The specific PAH and PCB chemicals studied will be determined based on the
concentrations measured in the initial analyses.

Scope of the Method. The primary intrinsic transformation experiment will be conducted in a batch
reactor to simulate anaerobic sediment conditions where PAHs and PCBs are already present. This
experimental design will use sediments preserved and maintained in an oxygen-free system, with a
total of four batch reactors (two sets of two) prepared with the sediments thoroughly mixed in the
reactor to minimize heterogeneity in sampling of constituents. sampling. Each anaerobic system
will be stirred thoroughly prior to each sampling event (at initial setup, 3 months, and 6 months) to
minimize sampling heterogeneity. It is expected that any minor disturbances in sediment chemistry
due sample collection and transfer will be effectively buffered by the existing properties of the
sediment. Three samples will be collected from each reactor and analyzed to represent the initial
concentrations at time zero (t=0). Subsequently, each set of reactors will be sampled after 3 months
and 6 months, with collection and analyses as described above.
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The above experimental design recognizes that significant transformation of some PAHs and PCBs
has already occurred, and that the saturated, anaerobic sediment reactors simulate environmental
conditions. The design overcomes the initial heterogeneity of chemical distribution, and assumes
that the system maintained under initial anaerobic conditions can exhibit further transformations of
the remaining PAHs and PCBs. To avoid pressure buildup due to carbon dioxide and methane
formation in the sediments, a mixture of carbon dioxide, hydrogen and nitrogen will continuously
purge the reactor headspace at a slow rate to prevent gas accumulation and maintain the anaerobic
conditions. As measures of the consistency of reactor conditions, the redox potential of overlying
water will be measured on a weekly basis.

Basis for the Method. The method reflects an empirical approach where losses of PAH and PCB
chemicals present in anaerobic sediments will be monitored. The use of static systems for such
experimental conditions is frequently reported in literature. In this set of experiments, variables
such as carbon dioxide production and redox potential of overlying water will be measured to
assess system constancy.

5.6.5 Constraints on Microbial Transformations of PAHs and PCBs
in Lagoon Sediments.

Method. This task will evaluate the constraints associated with selected environmental variables on
the microbial transformation rates of PAHS and PCBs in sediments from the Seaplane Lagoon; the
environmental variables to be assessed in these studies include sulfate, nitrate, and oxygen; a
control with no amendments will also be conducted with the expectation that the system will be
methanogenic. The experiments will be continuously stirred and with periodic addition of sulfate,
nitrate and oxygen to maintain the system under conditions that simulate conditions in the
respective electron-acceptor controlled layers in the intrinsic sediment condition.

The studies are intended to provide transformation rate data that can be used to estimate the
persistence of PAHs and PCBs in the Seaplane Lagoon. These studies will use an unweathered
PCB mixture and '*C- radiolabeled PAHs to assess the relative rates of transformation.
Transformation of PAHs evaluated in terms of “C-carbon dioxide evolution and PAH loss also
measured as incorporation of the '“C-label into the sediment organic matrix and into soluble
organic constituents that represent transformation products. The effects of alternate electron
acceptors (such as sulfate and nitrate) are important for understanding how PAH and PCB
transformation rates vary in sediment, and to obtain preliminary data for use in designing
treatability studies to enhance remediation of organic chemicals in sediments. The data from the
unamended stirred reactor will also be compared to the unstirred reactor system (5.6.4) to compare
reactor conditions and transformation rates of selected PAH and PCB constituents.

Scope of the Method. The experiments are planned to assess the influence of electron acceptors in
promoting oxidation of PAHs and PCBs in saturated sediments. It is recognized that the PAH and
PCB structures that currently are present in sediments may be inherently more resistant to
transformation. Therefore, it is informative to compare how the transformation rates of an
unweathered PCB mixture and selected PAHs are affected in controlled redox sediment systems. If
losses of PCBs are observed, the PCB congeners will be analyzed and the congener distributions
compared to the congeners that are currently present in sediments (see 5.6.1).

Status of the Method. A number of laboratory studies have been conducted to show that electron
acceptors can promote transformations of PAHs and PCBs, but these studies have often used
forcing conditions that are of questionable relevance to the rates that will occur in actual sediment
systems. Data from the experiments in the proposed study will used in designing field monitoring
programs and laboratory studies to more accurately assess intrinsic rates in anaerobic sediments.
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5.6.6 Transformation of PCBs and PAHs in Vadose Zone Soil Plots

Method. This task will assess conditions influencing the transformation of PAHs and PCBs in
vadose zone soils in the West Beach Landfill Wetlands area. The studies will use field plots of one
square meter each established in an area of the Landfill Wetlands adjacent to the landfill where the
highest concentration of PAHs and PCBs have been detected. One plot (A) will be maintained
under existing conditions, ex<ept for an initial thorough mixing of soil as discussed helow.
Another set of two experiments (two plots, B and C) will add selected PAHs to the soil to increase
the PAH concentrations that will assure the capability of measuring PAH losses from the soil plots
over the 6-month duration of the field experiments. The fourth plot (D) will be prepared in an
identical manner to Plot A except that Plot D, as well as Plot B, will be planted with indigenous
vegetation to simulate the rhizosphere in the wetland. As controls on the contribution of plant
growth to transformation of PAHs, Plots A and C will be periodically weeded as necessary. The
experiments will be conducted on initially well-mixed soils to minimize PAH and PCB
concentration variability associated with soil heterogeneity and uneven chemical distribution in
soils. The concentrations of PAHs, including the added PAH, and PCBs will be measured in soil
samples collected at 3-month and 6-month intervals.

These studies will evaluate the effect of vegetation growth on the transformation rate of PAHs and
PCBs in wetlands soils, and provide an overall assessment of the transformation rates of PAHs
and PCBs under actual field conditions. Although the soils will be thoroughly mixed to minimize
chemical distribution heterogeneities due to source or deposition differences, some variability in
sample composition is expected due to soil grain size effects. These experiments will allow for an
assessment of chemical distribution uncertainties that can then be used for future risk assessment
and potential remediation evaluations.

Scope of the Method. The proposed studies represent an empirical approach to evaluate the
persistence of PAHs and PCBs under actual environmental conditions. As discussed below, the
heterogeneities of the site soils is a major issue for design of such experiments in the vadose zone
where chemical transport of non-volatile chemicals is limited. The expertise and professional
Jjudgment of the Co-Principal Investigator will be critical in the setup, monitoring, and evaluation
of the results of these experiments.

The limitations on the design of intrinsic remediation studies include the potentially fragile nature of
the vadose zone soil regime toward artifacts due to sampling and handling (exposure to oxygen,
breakup of soils), and the unknown effects of seasonal inputs (temperature, rainfall, nutrient input,
inundation). Previous PRC investigations of PAHs and PCBs in soil in the Landfill Wetlands used
a 200-ft grid spacing, and found that the highest concentrations of PAHs and PCBs are adjacent to
the landfill (see Section 2). However, PCBs and PAHs are also present at slightly lower
concentrations (by 2 to 20 times) throughout the Landfill Wetlands, and which may have been
present on soils used as fill in this area. The existing distribution of PCBs and PAHs at levels near
reporting limits are especially problematic in planning an intrinsic remediation study when the
losses of chemical concentrations are monitored. This is because potentially large variances in
concentrations require a very large number of analyses so as to provide statistically meaningful loss
rates. Such experimental problems are expected to be lessen when the system can be made less
heterogeneous by mixing of soil in controlled plots.
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Status of the Method. The proposed studies are designed for simulate actual environmental field
conditions with soil thoroughly mixed to minimize sample heterogeneity.
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5.7 PROCESSES IN DISTURBED SEDIMENT SYSTEMS

The studies described below address conditions that may result from sediment disturbance due to
remediation or other activities. Such disturbance could expose the anoxic sediment to atmospheric
oxygen. and thereby cause chemical changes in the sediment composition. The studies proposed
are to evaluate the effect of such processes on leachate from such sediments that would be disposed
on the land surface and subjected to rainfall infiltration disposal.

5.7.1 Leachate Characterization from Disturbed Lagoon Sediments

Method. The following experiment will be conducted on contaminated sediments from the
Seaplane Lagoon to determine the rates and concentrations at which metal contaminants are
released into the aqueous phase. The experiments will be performed in flow-through reactors at
room temperature (Knauss and Wolery, 1986). Several leaching experiments (2 to 4 experiments)
are planned to evaluate reproducibility with the leachate concentrations of Cd, Cr, Cu, Hg, Ni, Pb,
and Zn measured for a 90 day period.

Scope of the Method. These experiments will provide leaching rates that can be applied to a
remediation scenario that involves placing Seaplane Lagoon sediments on land. The leaching
solution will consist of distilled/deionized water equilibrated with atmospheric oxygen and carbon
dioxide, which then simulates rainwater. At the completion of these experiments, the solids will be
freeze dried and ground for XAS (see 5.2.4) to determine if the metal speciation in the solids phase
was changed during the leaching experiment. This information is valuable for understanding the
leaching experiments, because it is likely that metals that are stable in anoxic sediments will
dissolve and then sorb onto or react with other solid phases in oxic sediments. If this is the case,
then the long-term hazard of the metals may be significantly limited, because the metals will be
associated with solid phases in both environments. Details of the expected range of values,

reporting/detection limits, and possible interferences of the specific analytical techniques is
discussed in the SAP.

In these experiments the rate of metal leached is proportional to the change in concentration
between the input and output solutions. All rates will be normalized with respect to total mass of
sediment and possibly the initial concentration of metal contaminant. The duration of the leaching
experiments will be a total of 3 months (see SAP). The solution pH and total metals will be
analyzed according to the procedures described above (see 5.2.2). XAS results will report the

atomic structure of the contaminant including metal oxidation state and the phase in which the metal
is bonded.
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The application of these rates are specific to Seaplane Lagoon sediments disposed in an oxidizing
environment. It is assumed that leaching of metals from the solid phase is controlled by reactions at
the sediment/porewater interface. The XAD analysis information at the end of the 3 morih leaching
experiment will be evaluated for the potential for longer term leaching of metal constituents.

Status of the Method. The use of flow-through reactors is a routine method for determining
leaching or dissolution rates that are controlled by reactions occurring at solid-solution interfaces
(see Sampling and Analysis

Plan). Leaching experiments comparable to the proposed studies have been conducted by the Co-
P-incipal Investigator, Dr. Susan Carroll of LLNL, and who vill supervise theses studies.
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5.7.2 Toxicity of Disturbed Sediments

Method. This study utilizes the Sediment/Water Interface Core (SWIC) test procedure (see 5.3.2)
with a modification that air is passed through a sparger placed beneath the sediment core, thereby
disturbing and aerating the sediment core in the presence of the test species. The test species use d
will be the same as used for the developmental and survival tests (see 5.3.1). The disturbed
sediment SWIC tests will be conducted using surface and one subsurface core segment from the
same stations as tested in the intact core SWIC test.

The results of these tests will be used to evaluate the toxicity associated with sediment disturbance.
The test results will also be compared to the SWIC tests using the undisturbed cores, and the data
for the AVS/SEM tests will also be used to determine the contribution of metal toxicity to the
disturbed sediment test results.

Scope of the Method. This procedure is a straightforward modification of the SWIC test (see
5.3.2) that provides important information on the effects of aeration of sediment on ecotoxicity.
This test is designed to be optimally comparable to the other sediment exposure tests performed to
evaluate intrinsic sediment conditions. The test method is regarded as an innovative approach and a
modification of a method that has been previously developed and applied by the Co-Principal
Investigator, Dr. Susan Anderson of LBNL. This test will be conducted at LBNL under the
supervision of Dr. Anderson. The report for this study will present test results as well as a
discussion of how these results are expected to simulate actual site conditions.

Status of Method. As stated above, the proposed test for disturbed sediment toxicity is a
modification of the SWIC test. The test will be performed under the direct supervision of the Co-
Principal Investigator to optimize the relevance and interpretation of the result for the project
objectives.
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Table 5-1
Summary of Sampling and Analysis Plan
Seaplane Lagoon (Site 17)
(page 1 of 2)

Physical Characterization of Sediment

Task Sample Media Information to be Obtained Reference Section
Acoustic Imaging In-situ measurements Stratigraphic profiles and 5.1

detection of gas pockets in sediment

Chemical Characterization of Pore Water and Sediment

Task Sample Media Information to be Obtained Reference Section
Microelectrode Measurements Sediment core to 20 cm Concentrations of dissolved oxygen, iron-II, 52.1
in Sediment Core Pore Waters manganese-il and total sulfid~ as well as oH
Pore Water Constituent Pore water from Concentrations of soluble anions, 522
Measurements sediment core to 50 cm major and trace metals
Sediment Bulk Mineralogical Sediment core to 2 m Concentrations of trace metals 523
and Chemical Analyses and bufk soil mineraiogy
Sediment Metal Sediment core to 2 m Specialion of major metal phases 524

Speciation Analyses

Pore Water and Sediment Toxicity Tests

Task Sample Media Information to be Obtained Reference Section

Surface Sediment Pore Water Pore water extracted Developmental and survival toxicity from 5.3.1
Toxicity Test from surface sediment exposure to surface pore waters

Surface Sediment/Water Surface sediment core Devetopmental and survival toxicity from 5.3.2
Interface Corer (SWIC) Test exposure to surface sediment core

Subsurface Sediment/Water Sediment cores at Developmental and survival toxicity from 53.2
Interface Corer (SWIC) Test both 1 m and 2 m exposure to surface sediment core

Pore Water Toxicity Pore water extracted Evaluate toxicity due to ammonia and sulfide, 5.3.3

Identification Evaluation (TIE) from surface sediment dissolved metals, and/or organic constituents
Acid Volatile Sulfide (AVS) and Acid solution extracted from Sulfide and metal concentrations in sediments to predict 53.4
Simultaneously Extracted Metal (SEM) surface sediment core and toxicity associated with bioavailable metals

sediment cores at both 1 m and 2 m

Bloavailability Evaluation

Task Sample Media Information to be Obtained Reference Section
Bivaive Test Surface sediment core and ~ Concentrations of SVOCs in tissue 5.4.1
sediment cores at both 1 m and 2 m from exposure to sediment core
Digestive Fluid Extraction Surface sediment core and Concentrations of SVOCs in digestive 5.4.2
sediment cores at both 1 m and 2 m juices from exposure to sediment core
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Table 5-t
Summary of Sampling and Analysis Plan
Seaptane Lagoon (Site 17)
(page 2 of 2)

Transport Processes Assessment

Task

Sample Media

Information to be Obtained

Reference Section

Lead-210 Profile in Sediment

Sediment core to 3 m

Concentrations of lead-210

5.5.1

Measurement of Lagoon
Sediment Properties

Sediment core toa 3 m

Data for density, organic content,
void ratio, and compressibility

5.5.2

Measurement of Seepage Fluxes
in Seaplane Lagoon

In-situ measurements

Determination of upward hydraulic gradient
into Seaplane Lagoon

553

Constraints on Transformation of PAHs
Lmd PCBs in Anaerobic Lagoon Sedimenlg

Batch scale reactor using
sediment core to 1 m

(it applicable)
Intrinsic Transformation Processes
Task Sample Media Information to be Obtained Reference Section
Fingerprinting of PAHs, PCBs, Sediment core to 3 m Identification of PAH constituents, PCB congeners, 5.6.1
Hydrocarbons and Hydrocarbon Tracers and hydrocarbon fractions
Sources of Transformation Products Pore water from Carbon isotope compositions of dissolved methane and 5.6.2
Using Isotope Measurements sediment core to 3 m inorganic carbon in water
Intrinsic Production of Methane Sediment core to 2 m Volume and rate of methane generation 5.6.3
in Anaerobic Lagoon Sediments
Intrinsic Transformation of PAHs and Batch scale reactor using Rate of transformation of PAH and PCB chemicals 5.6.4
PCBs in Anaerobic Lagoon Sediments sediment core to 1 m
Rate of transformation of PAH and PCB chemicals 5.6.5

Processes in Disturbed Sediment Systems

Toxicity of Disturbed Sediments

Surface sediment core as well as
sediment cores at both 1 m and 2 m

exposure to surface of aerated sediment core

Task Sample Media Information to be Obtained Reference Section
Leachate Characterization from Flow thru reactor using Concentrations of major and trace metals 571
Disturbed Seaplane Lagoon Sediments sediment
Developmental and survival toxicity from 5.7.2
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Table 5-2
Summary of Sampling and Analysis Plan
Waest Beach Landfill Wetlands (Site 2)
(page 1 of 2)

Physical Characterization of Sediment

Task

Sample Media

Information to be Obtained

Reference Sectlon

Acoustic Imaging

In-situ measurements

Stratigraphic profiles and
detection of gas pockets in sediment

5.1

Chemical Characterization

of Pore Water and Sediment

Task Sample Media Information to be Obtained Reference Section
Microelectrode Measurements Sediment core to 20 cm Concentrations of dissolved oxygen, iron-II, 5.2.1
in Sediment Core Pore Waters manganese-|l and total sulfide as well as pH.
Pore Water Constituent Pore water from Concentrations of soluble anions, 5.2.2
Measurements sediment core to 50 cm major and trace metals
Sediment Bulk Mineralogicatl Sediment core to 1 m Concentrations of trace metals 5.2.3
and Chemical Analyses and bulk soil mineralogy
Sediment Metal Sediment core to 1 m Speciation of major metal phases 5.2.4

Speciation Analyses
(it applicable)

Pore Water and Sediment Toxicity Tests

Task Sample Media Information to be Obtained Reference Section
Surface Sediment Pore Water Pore water extracted Developmental and survival toxicity from 5.3.1
Toxicity Test from surface sediment exposure to surface porc waters
Pore Water Toxicity Pore water extracted Evaluate toxicity due to ammonia and sulffide, 5.3.3
Identification Evaluation (TIE) from surface sediment dissolved metals, and/or organic_constituents
Acid Volatile Sulfide (AVS) and Acid solution extracted from Sulfide and metal concentrations in sediment to predict 5.3.4

Simultaneously Extracted Metal (SEM)

surface sediment core

toxicity associated with bioavailable metals

Bloavailability Evaluation

Task Sample Media information to be Obtained Reference Section
Bivalve Test Surface sediment core Concentrations of SVOCs in tissue 5.4.1
from exposure to sediment core
Digestive Fluid Extraction Surface sediment core Concentrations of SVOCs in digestive 5.4.2

juices from exposure to sediment core
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Table 5-2
Summary of Sampling and Analysis Plan
West Beach Landfill Wetlands (Site 2)
(page 2 of 2)

Transport Processes Assessment

Task Sample Media Information to be Obtained Reference Section
Tidal Influence Study In-situ measurements Hydraulic conductivity Wnd 5.5.4
in Landfill Wetlands surface water level fluctuations

Intrinsic Transformation Processes

Task Sample Media Information to be Obtained Reference Section
Fingerprinting of PAHs, PCBs, Sediment core to 1 m Identification of PAH conslituents, PCB congeners, 5.6.1
Hydrocarbons and Hydrocarbon Tracers and hydrocarbon fractions
Sources of Transformation Products Pore water from Carbon isotope compositions of dissolved methane and 5.6.2
Using Isotope Measurements sediment core to 1 m; inorganic carbon as well as nitrogen isotope ratios in water;
soil gases carbon dioxide and methane in soil gases
Intrinsic Transformation of PAHs and Batch scale reactor using Rate of transformation of PAH and PCB chemicals 5.6.4
PCBs in Anaerobic Welland Sediments sediment core to 1 m
Transformation of PAHs and PCBs Mixed vadose zone soil Rate of transformation of PAH and PCB chemicals 5.6.6

in Vadose Zone Soil Plots

Berkeley Environmental Restoration Center Intrinsic Scdiment Processes Study
o e ey . 18
Work Plan, Draft Final February 1997

( ( (



T(BLE 5.3

DATA USE OBJECTIVES FOR

INTRINSIC SEDIMENT PROCESSES STUDY

SOP 26.2

S0,%, PO, " Cd, Cu,
Cr, Ni, Pb, Zn; Al,
Ca, Fe, Na, Mg, Mn|
S

porewaler

Page 1 of 5
Task/ SOP _in Work Plan} Measurement Media s$ of Migration cvaluation ¢ ntrinsi Evaluation_ of Issues
Pathways and Toxicity Remediation Processes Associgted  with
ial Strategies
5.2 _Chemical
Cl izati [
Porewater and Sediment
5.2.1 Microelectrode Dissolved oxygen, |In-situ Describe In-situ redox Understand clectron acceptor
Measurements in Sediment  (Fe”, Mn", Total porewater conditions related to chemical  [presence and flux for
Core Pore Waters, SOP 26.1 }sulfide speciation and sediment biotransformation evaluations
condition, used to understand
chemical species availability
5.2.2 Porewater Constituents,|CI', F, NO,, NO,, |Extracted Provide complete analyses of  [Provide data on advective versus Apply geochemical model to

conslituents in pore waler, used
to understand species
availability and to develop
geochemical model

cstimate chemical concentra-
tions and toxicity in disturbed
sediment condition (dredging)

diffusive transport processes in
deeper sediment cores; information
on availability of clectron
acceptors in sediment layers

5.2.3 Sediment Bulk
Mineralogical and Chemical
Analyses, SOP 26.3

Mineralogy and
morphology

Sediment

Assess sediment characteristics,
used to compare/exirapolate data
and method to other sites

Assess sediment
characteristics, used to
compare and potentially
extrapolate data and method to
other sites

Potentially useful for assessing
sources of sediments from outfalls
compared to Bay sources

Al, Cd, Cu, Ni, Pb,
Zn

Sediment

Measure solid phase constituent
concentrations, used to compare
with PRC data and select
representative samples for
measurements using SOP 26.4

5.2.4 Sediment Metal
Speciation Analysis, SOP
26.4

Redox status of Cd,
Cu, Cr, Hg, Ni, Pb,
and Zn

Sediment

Determine speciation of metals,
used to evaluate metals
availability under current and
future (disturbance ) scenarios,
and to develop geochemical

model

Apply geochemical model to
estimate chemical
concentrations and toxicity in
disturbed sediment condition
(dredging)

Berkeley Environmental Restoration Center

Work Plan, Draft Final

Intrinsic Sediment Processes Study
February 1997



TABLE 5.3

DATA USE OBJECTIVES FOR
INTRINSIC SEDIMENT PROCESSES STUDY

Sulfide/Simultaneously
Extracted Metals, SOP 27.4

ratio in sediment

related to metals controlled by
sulfide in sediments

Page 2 of 5
Task/ SOP_in_Work Plan] Measurement Media Assessment _of  Migration Evaluation _of I-trinsic | Evaluation of lIssues
Pathways and Toxicity Remediation _ Processes Associated with
Remedial Strategies

5.3 Porewater and
sedi Toxici
5.3.1 Surface Sediments Pore |Developmental Extracted Assess toxicity due to
Water Toxicity Tests, SOP  |toxicity to Porewater constituents in pore water
27.1 echinoderm

Survival toxicity {Extracted Assess toxicity due to

for amphipod Porewater constitucnts in pore water
5.3.3 Pore Water Toxicity Ammonia, sulfides, { Extracted Determine constituents
Identification Evaluations, metals, VOC and Porewater responsible for toxicity
SOP 27.3 SVOC chemicals measurcd in SOP 27.1
5.3.4 Acid Volatile Sulfide uand metals ) Sediment Determine potential for toxicity Assess potential for metals

relcase after sediment
oxidation in disturbed
sediment (dredging)

5.3.2 Sediment/Water
Interface Core Test, SOP 27.2

Developmental
toxicity to
echinoderm

Sediment core
at surface and at
depth

Assess toxicity associated with
total sediment/porewaler systeny
(compared to SOP 27.1)

Assess toxicity associated
with deeper sediment layers if
upper layers removed by
dredging

Survival toxicity
for amphipod

Sediment core
at surface and at
depth

Assess toxicity associated with
total sediment/porewaler system
(compared to SOP 27.1)

Assess toxicity associated
with deeper sediment layers if
upper layers removed by
dredging

5.4 _Bioavailability
Evaluation

5.4.1 Bioavailability
/Bioaccumulation by Bivalve,
SOP 28.1

PAH, PCB

Tissue

Assess bioaccumulation in
bivalve

Assess bioaccumulation
associated with exposure to
deeper scdiment layers

5.4.2 Digestive Fluid
Extraction, SOP 28.2

PAH, PCB

Digestive juice
extracts

Measurc maximum
bioavailability partitioning
from sediment contact with
digestive juice of benthic
organisms

Measure maximum
bioavailability from deeper
sediment exposure to digestive
juice of benthic organisms
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TLLE 53

DATA USE OBJECTIVES FOR
INTRINSIC SEDIMENT PROCESSES STUDY

Page 3 of 5
Task/ SOP_in Wo n| Measuremen Media Assessment of Migration Evaluation of Intrinsic Evaluation of [ssues
Pathways and Toxicity Remediation  Processes Associated wit
Remedial Strategies
5.5 Transport Processes
Assessment
5.5.1 Lead-210 in Sediment, {*'°Pb, '"Cs, **Ra |Sediment Provide time deposition profile |Establish time profile used with Provide guidance for limited
SOP 29.1 segments for sediment used to correlate JSOP 30.1 to estimate PAH and PCB {dredging of sediment based on
with chemical concentrations; |transformation rates deposition rate and source
identify sediment layers correlation
confaining radivm from paint
wasles.
5.5.2 Measurement of Lagoon|Specific gravity; Sediment Measure propertics related to Estimate sediment
Sediment Properties, SOP one-dimensional segments water flow in lagoon; data will consolidation by selt-weight
29.2 consolidation be used with piezometer data to and under cap weight; evaluate
properties cstimate gradient/flow in water flow in relation to
lagoon capping alternative
Moisture, Organic {Sediment Mecasure propertics related to Estimate sediment
Matter in Soils segments water flow in lagoon, and for consolidation by self-weight
chemical partitioning between and under cap weight with
sediment and water carbon losses
5.6 intrinsi
T h {
.6.1 Fingerprinting of PAHs, PCB Sediment Determine transformation Estimate rates of transformation in
PAHs, PCBs, Hydrocarbons |[congeners, segments patterns and estimate rates of  [sediment, with data from 29.1
nd Tracers in Sediment, SOP | petroleum transformation in sediment,
0.1 hydrocarbons with data from 29.1

5.6.2 Isotope Monitoring,
SOP 24.4

Ratio *C/"’C in
organic matter

soil, soil gas,
water,

Provide evidence for
depositional patterns or mixing

Provide evidence for transformation
of anthropogenic hydrocarbons and

fractions, methane, | hydrocarbon |in sediment layers transformation pathways
carbon dioxide phases (as
appropriate)
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TABLE 5.3

DATA USE OBJECTIVES FOR
INTRINSIC SEDIMENT PROCESSES STUDY

Page 4 of 5
Task/ SOP in Work Planf Measurement Media Assessment of Migration Evaluation of Intrinsic Evaluation of [
Pathways and Toxici Remediation Processes Asso wi
, rates

Ratio D/H in

soit gas, water,

Provide evidence for

Provide evidence for transformation

methane, water, hydrocarbon  |depositional patterns or mixing Jof anthropogenic hydrocarbons and
hydrocarbon phase |phases (as in sediment layers transformation pathways
appropriate)

Ratio"*N/"N in soil
organic material and
nitrate

soil and water
(as appropriate

Provide evidence for
depositional patterns or mixing
in sediment layers

Pravide evidence for nature of
transformation pathways

Ratio™0/"0 in soil
organic matter,
nitrate and water

soil and water

Provide evidence for
depositional patterns or mixing
in sediment layers

Provide evidence for nature of
transformation pathways

“C in organic
matter fractions,
methane, carbon
dioxide

soil, soil gas,
and water (as
appropriate)

Provide evidence for
depositional patterns or mixing
in sediment layers

Provide cvidence for trausformation
ol anthropogenic hydrocarbons and
transformation pathways

5.6.3 Intrinsic Production of
Mcthane in Anaerobic Lagoon
Sediments. SOP 30.2

Methane production
rate from anaerobic
sediment segments

Headspace gas

Possible mixing in sediments
due to methane evolution

Establish mcthanogenic conditions
that promote transformation of
PCBs

Measure rate of methane
generation for evaluation of
sediment cap alternative, and
potential for long term
transformations associated
with methane in capped
sediments

5.6.4 Intrinsic Transformation rate | Anacrobic Measure intrinsic rate of Estimate transformation rates
[Transformation of PAHs and  |of PCBs and PAHs  [sediments transformation of PCBs and PAHs  [for sediment capping

PCBs in Anacrobic Lagoon in sediments alternative

and Wetlands Sediments, SOP

30.3

5.6.5 Constraints on Transformation Sediments Estimate rates of transformation of [Assess potential utilization of

Microbial Transformation of
PAHs and PCBs in Lagoon
Sediments, SOP 30.4

rates as controlled
by selected electron
acceptors

PAHs and PCBs associated with
specific electron acceptors, and for
better understanding of processes
responsible for intrinsic
transformation reactions

clectron acceptors to promole
biotranstformation of PAHs and
PCBs in sediments
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5.3

DATA USE OBJECTIVES FOR
INTRINSIC SEDIMENT PROCESSES STUuDY

Page 5 of 5
Task/ SOP in Work Plan] Measurement Media Assessment of Migration Evaluation_of Intrinsic Evaluation of Issues
Pathways and_Toxicity Remediation  Processes Associated  with
digl Str:

5.6.6 Transformation of PCBs
land PAHs in Vadose Zone Soil
HPlots, SOP 30.5

Transformation rate
of PCBs and PAHs
in wetland vadose
zone soils, and
influence of plants

Vadose zone
soil

Measure intrinsic rate of
transformation of PCBs nd PAHs
in soils, and influence of plunt
growth on transformation rates

Provide preliminary data on
cfficacy of phytoremediation
of PAHs and PCBs present in
dredged sediments

|Disturbed Sediment
Systems

5.7.1 Lecachate
haracterization from
Disturbed Seaplane Lagoon

Constituents
present in simulated
oxic leachate from

Simulated
leachate

Estimate metal concentrations
in simulated leachate from
dredged sediments exposed to
rainwater.

Sediments, SOP 26.5 sediments
5.7.2 Toxicity of Disturbed {Survival and Survival and Estimate survival and
Sediments developmental developmental developmental toxicity
toxicity toxicity in associated with dredging of
disturbed sediments
sediments
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Toxic Pore Water

Determination of ¢ \ Determination of

metal induced organic compound

toxicity induced toxicity
Assessment of :
* endogenous toxicants l
Chelation l l Isolation of
polar & non-polar
Ammonia | | Sulfides compounds
l I I
Measurement of Acidic ||Neutral|| Basic
metal concentrations * * *
Chromatographic
analyses

Identification of
metals contributing
to toxicity

dentification of
organic compounds
contributing to

toxicity

Figure 5.1 Approach for toxicity identification evaluations.



Bulk sediment Toxic pore water
Acid volatile sulfides EDTA/STS Chelation

(AVS) & simultaneously
extracted metals (SEM)

Toxicity
reduced?

Toxic metals
present

Analysis of
dissolved
metal
concentrations etal-
No metal- induced 0 metal-
induced toxicity induced
toxicity possible toxicity

Metal

nglevtﬁga Yes /concentration)NO Aﬂlde'{ge
identified >LOECs? toxicity
possible

Figure 5-2. Pathway for the Assessment of Metal-Induced Toxicity



Toxic Pore W ater

] | |
Acidic Neutral Basic

C-18 Solid phase

Yes /Toxicity N\No Yes/Toxicity

Neutral
toxicants

not present

toxicants
not present

toxicants
not present

Acidic
toxicants
present

Neutral
toxicants
present

Basic
toxicants
present

Chromatographic isolation and
of toxicants (GC, GCMS, HPLC, HPLCMS)

Figure 5-3 Pathway for Determination of Organic Chemical-Induced Toxicity
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6.0 INTEGRATION

The complexity of sediment processes at NAS Alameda requires a multidisciplinary approach
to characterize site conditions and adequately scope treatability studies. The previous sections
describe the discipline-specific information on toxicity, bioaccumulation, chemistry, and
environmental transport processes at the Seaplane Lagoon (Site 17) and the West Beach
Landfill Wetland (Site 2) that will be obtained in the proposed BERC project. The sections
below describe how this information will be integrated to meet the project objectives: (1)
determine the toxicity and migration pathways for the chemicals of concern, (2) establish the
time crurse of past and future intrinsic remediation, and (3) evalvate the impacts and issues
associated with potential remedial strategies based on the collected data.

6.1 MIGRATION PATHWAYS

Marine and wetland sediments accumulate chemical releases and act as a reservoir to the
environment. These chemicals are characterized as being of low solubility, highly sorbed and
not volatile. The specific chemicals that have been the focus of the proposed studies are based

on PRC investigations, and include PCBs, petroleum hydrocarbons including PAHs, and trace
metals.

Diverse biological communities depend upon sediments for food, protection from predators,
and as a semi-solid substrate suitable for sustaining rooted vegetation. For ecosystems, there
are two issues that need to be addressed: (1) acute organism toxicity due to direct exposure to
chemicals in sediments, and (2) chronic toxicity caused by long-term exposure to chemicals in
sediment or through consumption of a contaminated prey. Bioaccumulation can result in
chronic toxicity at the top of the food chain. Thus, ecosystem and human health impacts are
initially controlled by the exposure to the contaminants in the biologically active region of the
sediments, and then partitioning of contaminants from the sediments to biological organisms
either through contact with the pore water or through sediment ingestion.

Toxicity tests coupled with toxicity identification evaluation (TIE) analyses will determine the
specific chemicals causing acute and development toxicity from exposure to sediment pore
waters. This information coupled with the Sediment/Water Interface Corer (SWIC) tests
provide a direct determination of toxicity for organisms residing at the sediment-water
interface. Additional data on bioaccumulation will be provided by the clam studies and
digestive juice extracts following direct exposure to the sediments. It is expected that
contaminants causing acute toxicity through pore water exposure will be different from
contaminants that bioaccumulate. These results will assist the feasibility study in determining if
special precautions or criteria are needed for specific contaminants when the sediments are
exposed during a possible treatment option or when an isolation barrier or cap is designed for
sediment containment.

The migration pathway for sediments at the Seaplane Lagoon and the Landfill Wetlands will be
further analyzed through evaluation of sediment geochemistry. The sediment and pore water
samples needed for bioaccumulation and toxicity tests are bulk samples that represent near-
surface sediments. The integration of geochemical with toxicological studies will determine if
toxicity was a consequence of sediment disturbance rather than chemical toxicity.

The traditional models that simulate chemical release from sediments are based on chemical
transport by molecular diffusion modified by metal speciation reactions and organic chemical
partitioning by sorption processes. Geochemical modeling assuming sulfide generation at depth
and linear organic sorption will be used to estimate fluxes into and out of the sediments at the
Seaplane Lagoon and at the wetlands site.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
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The assumption of the dominance of diffusion for chemical transport will be verified by field
scale water flow studies at the lagoon and the wetland sites. Water flow in the Landfill Wetland
will be quantified by direct measurement through an infiltration test (observations of water
loss). Site-specific measurements of sediment properties and the depth of strata, and
application of Darcy's law to site conditions will provide estimates of water flow in the
Seaplane Lagoon. If flow is significant, then transport estimates can be improved over the
conventional assumption that diffusion is the dominating mechanism.

6.2 TIME COURSE OF INTRINSIC REMEDIATION

The microbial, geochemical, and radioisotope analysis applied to the lagoon, wetlands, and the
uplands sites will directly indicate the transformations that have occurred to date, and will
provide an empirical basis for estimating futurc transformation rates.

For the Seaplane Lagoon the geochemical profile of the sediment redox chemistry provides the
necessary data to compute advective or diffusive fluxes of electron acceptors that drive
microbial transformations. These fluxes are expected to be at or near steady state rates over
time scales of years assuming there has been no disturbance of the sediment profile. The
carbon isotopic profile of the lagoon sediments provides additional information on the source
of organic carbon that is driving the sediment redox chemistry.

Of particular interest for intrinsic remediation is the consumption of fuel hydrocarbons
compared to natural organic matter because PAHs and PCBs are likely sequestered with the
hydrocarbon phase at the high concentrations found within the lagoon sediments. The age-
dated sediment profile and corresponding PCB congener changes discussed earlier provide the
data to determine an overall PCB dechlorination rate that will be used to extrapolate the future
time course of PCB dechlorination. Similarly, the analysis of tracers within the fuel
hydrocarbons will permit determination of an overall oil degradation rate within the sediment
profile. If the data available to us justify, the PAHs will be scaled with the hydrocarbon
degradation. These calculations will arrive at overall rates for transformations of the organics.
Given the expected loading of natural organic matter to the sediments and the high sulfate levels
in the water column, the studies will show that the trace metals will either remain as sulfide
solids or be transformed into them, and thus not be released.

For the wetlands, the time course of remediation cannot be estimated without first
understanding the nature and to some limited extent, the spatial distribution of chemicals and
site conditions. Geochemical, microbiological, and transport tools will be applied to the
contaminants determined to be significant from ecotoxicology and bioaccumulation studies.
Since a good age-related sediment profile is unlikely, PCB transformation rates will be
assumed to be similar to those determined in the lagoon under similar redox conditions.
Petroleum hydrocarbons and PAH degradation rates over time will be estimated from
geochemical, microbial, and isotopic data, and extrapolating to the future under the current
hydrodynamic conditions.

Thus, field and laboratory based measurements will provide the data needed to assess the rates
at which intrinsic bioremediation will proceed under ambient conditions in the Seaplane Lagoon
and the West Beach Landfill Wetland.

6.3 REMEDIAL STRATEGIES FOR ENHANCED REMEDIATION

As part of the characterization data collected as part of this effort, the consequences associated
with a number of active remedial approaches can be evaluated, including disturbance-induced
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dredging. exposure of deeper sediments. accelerating favorable biological transformations, and
capping.

Any activity to remove the contaminated sediments from the Seaplane Lagoon will disturb the
current sediment profile. Both hydraulic dredging and bucket dredges result in resuspended
bottom sediments that originate in an anoxic environment and become mixed with oxygenated
seawater. The studies in this program on sediment disturbance and leaching will determine the
expected time course of metal and organic transformations and the changes, if any, in toxicity.
There are options in sediment removal that might be able to minimize water column effects once
these disturbances are determined depending upon which contaminant is the most significant.

Another consequence of sediment removal is the exposure of previously buried sediments that
are not in chemical equilibrium with the overlying water column. Following removal of the
overburden, the sediments will chemically and microbially re-equilibrate through the diffusion
of oxygen and sulfate into the sedir.ient layer. This exposed sediment will likely not be free of
contaminants and our profiling experiments of chemical and toxic responses will determine the
likely consequences of exposure for short and long time scales.

The field data collected during this effort, combined with a literature review on biochemical
pathways for contaminant transformations, will suggest possibilities for enhancing the natural
rate of biological remediation. For example, literature shows that anaerobic conditions that
generate methane are found to be favorable for PCB dechlorination. Similarly, near surface
oxidation of natural organic matter, fuel hydrocarbons, and some PCBs might be promoted by
controlled injection of oxygen or other electron acceptors into the near surface sediments. The
laboratory leachability study of the lagoon sediments will support the evaluation of upland
treatment systems.

One option considered in most contaminated sediment situations is the capping of sediments in
place or the placement of a cap over disposed sediments following dredging. Cap placement
over weakly consolidated sediments composed of fine grained material has not been adequately
considered in the engineering literature. This study’s estimates of consolidation will include the
expected consolidation of the sediments if capped in place and provide for an estimate of the
time course of water flow induced by cap overburden. These data will permit analysis of the
cap thickness needed to protect the overlying water column from long term releases.
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7.0 QUALITY ASSURANCE PROJECT PLAN

This section presents the quality assurance/quality control procedures to be followed for the
Intrinsic Sediment Processes Study. The project quality objectives are to provide field and
laboratory data of sufficient quality to characterize the chemical and physical characteristics,
toxicity, and biological transformation processes that are intrinsic to Site 17 (the Seaplane
Lagoon) and Site 2 (the wetlands portion of the West Beach Landfill area).

Data quality objectives (DQOs) are critical to obtain data that are acceptable for their intended
uses in ecological assessments or feasibility studies. As discussed above, the BERC studies
primarily will rely on innovative methods to evaluate intrinsic processes in sediment systems.
Such innovative methods have less experience from which to predict method performance, and
this limitation includes the effects of matrices, outside interferences, and possibly other
environmental variables (temperature, water quality, etc.). With regard to estimating rates of
intrinsic processes, the rate of a process is a function of these natural (intrinsic) properties of
the system and which are always site-specific. To provide data that meet the intent of the DQO
process, the studies to be conducted by BERC will be subjected to a thorough review process
that includes independent reviews by the Principal Investigator and the Contractor Quality
Control Program Manager (CQCPM), a meeting of selected experts to critically review data
and results, and a peer review of written reports conducted by the CQCPM. These quality
control and quality assurance steps will then provide data of the highest quality for an
informed use by the Navy and its contractors in the decision-making process at NAS Alameda.

7.1 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) for this project have been established in accordance with the
procedures described in Section 8.3.3 of the Contractors Quality Control Program Plan
(CQCPP). DQOs generally describe how the data will be collected to provide specific
information; quality data are then numerical values that are sufficiently defined for a particular
use. Data obtained using standard methods, such as published by regulatory agencies, are often
evaluated based on past experience, collaborative testing, and continued proficiency testing by
commercial laboratories. By comparison, innovative methods often have limited use and
sometimes require specialized equipment, and require specialized expertise for evaluations.
Data from innovative methods may have inherent uncertainties due to interferences, artifacts,
and the effects of matrices associated with sample character (such as other chemicals present,
difficulties with different sample properties). Criteria used in the DQO process address
precision, accuracy, representativeness, completeness, and comparability of the data obtained.

A DQO development process developed by the U.S. EPA includes seven stages (see Table 7-
1). The process draws from experience specifically based on obtaining data for regulatory use
in risk assessment and remediation decision making. The process implicitly assumes that
standardized methods are established such that experience has optimized the procedures for the
analyses of interest, and the expected accuracy, precision, comparability, and
representativeness of the measurements are defined. The process generally applies to all data
collection activities, but for more innovative methods, the performance variables are less
known or cannot be anticipated. For innovative methods, specialized expertise and judgment
applied during the measurements is often required to determine the applicability,
appropriateness and overall quality of the resulting data and information. The stages of the
seven step process are identified on Table 7-1 with a description of how the DQOs are met for
this project.

In setting the project DQOs, the studies in the proposed project are primarily intended to
provide data for processes that are intrinsic to sediments at the sites, and use innovative
techniques performed by the BERC team. The information from individual studies are not
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intended to be used as sole criteria for decision making at NAS Alameda, but rather to be used
with other data to develop an understanding of site conditions and processes. This
understanding along with other data obtained using regulatory-approved methods will be used
in the evaluation of risk and remedial alternatives. The reports prepared for each task in this
study will discuss the DQO criteria as they pertain to the use of the data; this information may
also be used in formulating future DQOs if the methods provide exceptional information that
warrant further measurements that will be singularly critical in the decision making process.

7.2 QUALITY CONTROL CRITERIA

Project quality control criteria will include precision, accuracy, representativeness,
completeness, and comparability (PARCC) parameters. Project specific limits for the methods
are addressed in the Sampling and Analysis Plan. Each of the participating laboratories (from
UCB. LLNL and LBNL) will be independently responsible for daily quality control and the
quality control data will be independently reviewed by the project chemist.

7.2.1 Analytical Procedures

The analytical program for the Intrinsic Sediment Processes Study includes the innovative and
recently developed measurements and tests described in Section 5 as well as standard analytical
techniques. These measurements include:

® Acoustic imaging of sediment stratigraphy

® Geochemical measurements on pore water and sediment solids
® Toxicity studies

e Toxicity identification evaluations

® Bioaccumulation studies

® Measurements of sediment properties

® Water seepage flow in Seaplane Lagoon and Landfill Wetlands

® Transformation rate estimates based on sediment profile characteristics and simulated
field measurements

The frequency of samples that will be characterized is summarized in Tables SAP-1 and SAP-2
of the SAP. All measurements will be performed by trained and experienced graduate students,
scientists or technicians under the direction of a Co-Principal Investigator. All methods and
results will be supervised and reviewed by the senior staff scientists and/or university
professors at the respective laboratories.

The two sediment cores that will be examined by the project team at the site will be transported
to the laboratory of the lead Principal Investigator as alternative sample sources to specific
cores collected. Used PPE and equipment will be collected and appropriately disposed.

7.3 SAMPLE CUSTODY

Throughout field sampling activities, proper chain of custody procedures will be followed to
demonstrate that samples were obtained from the locations stated and that they have reached the
laboratory without alteration. Documentation of this will be accomplished using the Chain of
Custody Record (COC). Chain of custody procedures will be implemented in accordance with
SOP 1.1 and as described in Section 9.6 of the CQCPP. Copies of the completed COCs will be
provided to the Project Chemist and maintained in the project files by serial number.
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7.4 CALIBRATION AND MAINTENANCE OF MEASURING AND TEST
EQUIPMENT

Anticipated laboratory and field measuring and test equipment (M&TE) that will require
calibration is identified in the SOPs. Calibration and preventive maintenance procedures for this
equipment, and any additional equipment that may be required for the project, are addressed in
Section 15 of the CQCPP and in SQP 8.2, Calibration and Maintenance of Measuring and Test
Equipment. The Contractor Project Manager will ensure that all equipment used in activities
affecting quality will be calibrated according to these methods and procedures; laboratory
directors, laboratory personnel, field superintendents, and field personnel will be responsible
for implementing the procedures Each item in the calibration program will be uniquely
identified to assure its calibration status and identify the recalibration due date.

M&TE will be calibrated prior to use at the project site and at prescribed intervals thereafter,
including at the completion of fizld work each day, in accordance with the manufacturer.
recommendations. Calibrations will be performed by trained and qualified personnel. Records
of calibration will be maintained by the Project Chemist for the items used on site. The
laboratories will be required to implement and document an effective control program for
M&TE used to perform the analyses. The calibration program will be audited by the Project
Chemist to verify conformance to laboratory protocols and project requirements. Calibration of
each piece of equipment will be recorded on the Test Equipment List and Calibration.

7.5 QUALITY CONTROL SAMPLES

QC sampling will be performed for this project to monitor and assess the quality of laboratory
and field procedures. QC samples to be collected include appropriate field and laboratory
blanks and laboratory replicate samples. Laboratory replicate samples will be characterized at
the frequency specified in the SAP.

Laboratory QC samples for the conventional laboratory methods include method blanks.
laboratory control samples, laboratory duplicate samples, and surrogate spikes. The frequency
and method for analyses of these samples is addressed in Section 10 of the CQCPP.

7.6 SAMPLE COLLECTION, PRESERVATION AND HOLDING TIMES

Samples to be collected during the proposed studies include soil gas, soil, and groundwater
samples. The numbers of samples to be analyzed and the required analyses are specified in the
SAP. The required containers, preservation methods, and holding times for the Treatability
Study assays are also summarized in the SAP.

7.7 SAMPLE COLLECTION LOGBOOK.

A sample collection logbook will be filled out for all samples collected. The sample collection
logbook will include the following information:

® collection date and time

project name

unique sample number

sample location and type
container type and preservative

compositing information

depth of sample
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® weather
e field observations
®

problems encountered

® name of sample collector

Copies of the sample collection logbooks will be given to the Project Chemist to be filed in the
project files.

7.8 DATA REDUCTION, VALIDATION, AND REPORTING

The procedures and data for each method will be documented in bound laboratory notebooks
and Excel spreadsheets. Recorded data will be transferred to the computer within one month of
collection and cross checked for accuracy. Data will be reported on the forins specified in each

SOP included in Appendix A or other specific data management proced res for each assay as
addressed in these SOPs.

In accordance with the requirements of Section 10.9.1 of the CQCPP, each laboratory will
reduce the analytical data for standard analyses using procedures described in U.S. EPA
document SW-846 (U.S. EPA, 1994c). The data will be verified'by the laboratory and the
Project Chemist according to the requirements of Section 10.9.2 of the CQCPP.

The laboratory will report all results in laboratory reports which will include the following at a
minimum:

® 3 case narrative
e copies of COC forms

® analytical results for all samples included on the COC including dilutions and
reanalyses and the laboratory detection limits used.

e analytical results for all required laboratory quality control samples

Independent of the laboratory review, the Project Chemist will perform data validation for ten
percent of all analyses performed by standard analytical methods as specified in Section 10.10
of the CQCPP. The procedures to be used for data validation are contained in USEPA Contract
Laboratory Program National Functional Guidelines Organic Data Review (U.S. EPA, 1994a)
and in USEPA Contract Laboratory Program National Functional Guidelines for Inorganic
Data Review (U.S. EPA, 1994b). For parameters that are not included in these guidelines, the
evaluation will be performed following HAZWRAP in DOE-HWP-65/RI.

7.9 QUALITY CONTROL MEETINGS

The Project Chemist will ensure that the following meetings are conducted in accordance with
the requirements of Section 3.0 of the CQCPP:

® A coordination and mutual understanding meeting, held prior to the start up of the
Treatability Study

¢ Quality control meetings, held quarterly following the start up of the Treatability Study.
The Contractor Quality Control Program Manager will submit meeting notes to the
U.S. Navy Remedial Project Manager within one week of each meeting
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TABLE 7-1

Summary of Data Quality Objectives for Intrinsic Sediment Processes Study

Statement of
Problem:

The Intrinsic Sediment Processes Study will evaluate the intrinsic
processes that occur in sediment in the Seaplane Lagoon (Site 17), and
in sediments and the vadose zone at the West Beach Landfill Wetlands
(Site 2). The study is funded through Delivery Order 4 to Navy and
UCB Partnership Agreement, issued by the Navy. The proposed study
will utilize the resources from UCB, LBNL, and LLNL. The technical
reports for this study will be reviewed by the Navy, regulatory
agencies, and the Restoration Advisory Board.

Identify the
Decision

The Intrinsic Sediment Processes study will provide information on
topics related to decisions on remedial options for the Seaplane
Lagoon, and on future management options due to conditions in the
Landfill Wetlands. The results of the studies will be used with data
from other investigations to evaluate the risk posed by current
conditions to human and ecological health, and whether remedial
alternatives will alleviate or exacerbate these risks in a short term
(sediment disturbance) or long term context.

Identifying Inputs

The Intrinsic Sediment Processes Study includes field studies and
laboratory studies at Site 2 and 17 that address the topics:

e The chemical composition of pore water and speciation of
sediments

e The survival and developmental toxicity of pore water and at the
sediment water interface

e Bioaccumulation of selected organic chemicals from sediments
e Sediment depositional history, and water transport at sites

¢ Transformation reaction in sediments and soils by product analyses
isotope ratios, and field studies

e The leachate composition from disturbed sediments and the toxicity
of disturbed sediments

The studies will be accomplished using innovative methods as well as
the specialized equipment and expertise available from UCB, LBNL,
and LLNL. The methods and equipment are documents in the Work
Plan and in the Sampling and Analysis Plan (SAP). Action levels for
specific chemicals have not been set for these sites, and the results
from the proposed can be used in evaluating risks from existing
conditions as well as from future conditions. (See Table 5-3).

Define
Boundaries

The proposed studies have been planned based on incomplete data that
describes the extent of chemicals present, and very little data are
available on the physical characteristics of the lagoon and Landfill
Wetlands (seawalls and levees). Several studies (notably acoustic
imaging and sediment profiles) will also provide a better definition of
the sediment depth and depth of chemicals present.
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TABLE 7-1
(Continued)

Develop
Decision Rule

If study results demonstrate the intrinsic processes control the
availability of chemicals from sediments at the sites and that the
potential toxicity and bioavailability associated with Navy chemicals is
low, then a “no action” option may be included in feasibility studies for
these sites. The studies will also evaluate the depth of selected chemical
constituents using innovative methods. Alternatively, if the studies
show that short term toxicity and bioavailability is increased or
unchanged, then the “no action” decision also must be considered in
the feasibility studies for these sites.

Specify Limits
on Decision
Error

The Work Plan and SAP (including SOPs) discuss the reporting limits
and the basis for the methods that determine the accuracy of the
measurements. The results of the several studies will be used in
making pivotal decisions, and therefore the consequences of false
positive or false negative data are minimized for this study, and for
decision making.

Optimize the
Design

The design of each study has been optimized based on available site
data and the method to be conducted. For most methods, sampling and
methods application are focused on evaluating intrinsic processes as a
function of depth, and not for a lateral comparison of data. As stated in
the text, given the innovative nature of many of the methods, the
expertise of the Co-Principal Investigators will also be required to
redefine quality performance and potential data uses depending on the
outcome of the pressed studies.
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8.0 REPORTING

The proposed Treatability Study program consists of a number of individual studies to assess
the chemical characteristics, toxicity and behavior of chemicals in sediments at the two sites.
Progress and adherence to schedules will be reported in the Monthly Contract Performance
Report submitted to the Navy.

Because the separate studies will likely be completed on different schedules, complete technical
reports for each study will be prepared within 3 months after the laboratory and data analysis
phase of the study is complete. Technical reports for the individual studies will be reviewed for
adherence to the Work Plan and format by the Contractor Quality Control Program Manager.
With approval of the Program Director, the technical report will be sent to the Navy for
informational purposes. With the Navy’s concurrence, the technical report will be sent for peer
review. Based on peer review, the technical report will be .evised and submitted to the Navy as
a Draft Technical Report. Following Navy review and revisions by BERC, the technical
reports will be retained and combined in a Final Report for the Delivery Order.

Six technical reports will be submitted, corresponding to the task organization depicted in
Figure 3-1 and 3-2. Results of the disturbance studies will be reported in the respective
sections on chemical characterization and toxicity studies. These reports include:

e Physical Characterization of Sediment

e Chemical Characterization of Pore Water and Sediment
e Pore Water and Sediment Toxicity

e Bioavailability Evaluation

e Transport Processes Assessment

e Intrinsic Transformation Processes
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9.0 PROJECT MANAGEMENT

9.1 SCHEDULE

The implementation schedule for the proposed studies are presented in Figures 9-1 and 9-2.
Mobilization for the initial Seaplane Lagoon sampling phase of the project will require
approximately one month following notice to proceed from the Navy. As indicated in the schedule,
the Acoustic Imaging task will be conducted first, and requires no sampling efforts. BERC has
requested that this effort be allowed to proceed ahead of the final approval of the complete project
schedule and tasks, as the information from the acoustic imaging is critical for both BERC’s
activities and for PRC'’s investigations. The plan for the initial sampling effort is to collect the
deeper boring samples using a subcontractor with deeper coring experience to get a number of
tasks underway as soon as possible. Laboratory studies using sediment samples will begin
immediately after sample collection. The rest of the sampling efforts in the Seaplane Lagoon

(toxicity and TIE) can be completed using facilities and personnel from LBNL and LLNL with
appropriate experience for surface sediment sampling.

9.2 ORGANIZATION AND RESPONSIBILITIES

Management and supervision of field sampling activities at the Seaplane Lagoon and the West
Beach Landfill Wetlands will be performed by ATG, BERC'’s lead subcontractor; UCB’s Health
and Safety officer has prime authority over all persons onsite during sampling, acoustic imaging,
and other field activities. All laboratory studies will be conducted within the facilities of the
respective participating groups (LBL, LLNL, UCB)., and the health and safety activities.
administration, general training, equipment maintenance, and other management functions will be
performed under the authority of the respective organizations.

Dr. James R. Hunt of UCB, Department of Civil and Environmental Engineering, will be the
Principal Investigator for project. Dr. Hunt will be responsible for technical oversight for the
project, and will be assisted by Co-Principal Investigators from UCB, LBNL, and LLNL. The list
of the Co-Principal Investigators follows. BERC subcontractor staff provide assistance for
assuring compliance with the overall Program purpose and objectives as described in this
Workplan and the Contractor Quality Control Program Plan, dated May 24, 1996. Arvind
Acharya, R.G,, of ATG, Inc. is Contractor Project Manager, William Mabey, Ph.D., of ITSI, is
the Contractor Quality Control Program Manager, and Peter Yimbo, Ph.D., of the Ellington
Group, is Project Chemist.
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Investigator

rganization

Laborator Y

Acoustic Imaging

Chemical Characterization

of Pore Water and Sediment Toxicity

Toxicity Identification Evaluation

Bioaccumulation

Transport/Lead-210 Dating

Transport/Physical Properties

Transformation/PAH
and PCB Products

Isotope Measurements

Methane Production in Lagoon Sediments

Transformation/PCB and PAH Studies

Dr. Patrick Williams, UCB

Dr. Susan Carroll, LLNL

Dr. John Knezovich, LLNL

Dr. Donald Weston, UCB

Dr. James Hunt, UCB

Dr. Nicholas Sitar, UCB

Dr. James Hunt, UCB

Dr. Mark Conrad

Dr. Mary Firestone, UCB

Dr. Mary Firestone, UCB

None

LLNL
Geochemistry
Laboratory

LLNL

Environmental Chemistry
Laboratory

Skidaway
Institute of
Oceanography

Dr. Brad Esser,
LLNL Isotope
Division

UCB Graduate
Geotechnical

Laboratory

Scott Mountford,
LBNL
Environmental
Measurement
Laboratory

LBNL

Isotope Sciences
Division
Laboratory

UCB Soil
Science
Laboratory

Scott Mountford

LBNL

Environmental Measurement
Laboratory
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Figure 9-1
Task Sched Seaplane Lagoon Field Program

WEEKS

TASK DESCRIPTION

Nolice to Proceed

Procurement and Subconiracting

Site Preparation

Physical Characterization of Sed -Cont Sediment Sampling (Phase 1)
Mobwization for Phase |

Collection ot Sediment Core for Team Evaivation

Collection of Sedwment Core Samples

Demobilization from Phase | Sampling

Physical Characterization of Sediment-Surface Sediment Sampling (Phase 1)
Mobilization for Phase Il

Collection of Surface Sediment Samples (a)

Collection of Surface Sediment Samples (b)

Demobilization from Phase 1l Sampling

Piezometer iInstaliation (T8D)

Conduct of Water-Laevel Monitoring Study (TBD)

L1

|11

Ch I Ch izalion of Pore Water and Sediment
Microelectrode Measurements in Sediment Core Pore Waters
Pore Water Constiluent Measurements
Sediment Bulk Mineralogical and Chemical Analyses
Sediment Melal Specialion Analyses
Modeling of Meltal Speciation in Pore Water
Data Analysis

.. Dralt Report Preparation

Pore Water and Sediment Toxicily Tests

Surface Sediment Pore Waler Toxicity Test

Surlace SedimenUWater Inlertace Corer (SWIC) Tesl

Subsurface Sediment/Water Inlerface Corer (SWIC) Test

Pore Water Toxicity identification Evaluation (TIE)

Surface Acid Volalile Sulfide (AVS) and Simultaneously Extracted Metal (SEM)
Subsurtace Acid Volalile Sulfide (AVS) and Simultaneously Extracted Meta! (SEM)
Dala Analysis

[

Dratt Report P

Bioavailability Evaluation
Surface Bivelve Test
Subsurtace Bivalve Tes!
Surlace Digestive Fiuid Extraction
Subsurface Digestive Fiuid E 1
Sediment/Wsater Parlilioning Evsluation
Data Analysis
Dralt_Report _Presentation

Transpon P a N
Lead-210 Protile in Sedimenl
Measurement of Lagoon Sediment Properties
Data Analysis

Dralt Report Preparation

| __Measurement ol Seepage Fiuxes in Seaplane Lagoon (TBD)

Intrinsic  Transformation Processes

Fingerprinting of PAHs, PCBs, Hydrocarb ond Hyd bon Tracers

S s of Transt lon Prod Using

Intrinsic Production of Methane in Anaerobic Lagoon Sediments

Intrinsic Translormation of PAHs and PCBs in Anasrobic Lagoon Sedimenis
C ints on Transic tion of PAHs and PCBs in Ar bic Lagoon Sedi
Data Analysis

Drait Repon Prep

Pt in Disturbed Sedk Sy
teachate Characlerization from Di d Seap! Lagoon S
Surtace Toxicity ol Disturbed Sediments
Subsuriace Toxicity of Disturbed Sediments
Data Analysis
Draft Report Preparation




Figure 9-2
Task Schedule for West Beach Landtiil Wetlands Field Program

WEEKS

TASK DESCRIPTION

10

11

12{13[ 14

15

16

17

18

21

22

23

10

11

13

14

Notice to Proceed

Procurement and Subcontracting

Site Preparation

Physical Characterization ol Sediment-Contractor Sediment Sampling (Phase 1)
Mobihzation tor Phase |
Collection of Sediment Core for Team Evaluation
Collection ol Sedimant Core Samples
Demobilization trom Phase | Sampling

1111

t Sampling (Phase If)

Physical Characterization of Sedi Surface Sedi
Mobilization for Phase H
Collection of Surtace Sediment Samples (a)
Collection of Surtace Sediment Samples (b)
Demobilization from Phase Il Sampling
Piezometer Installation (T8D)

Conduction_ol_Water-l.evel Monitoring Study {TBD)

L]

L1

Chermical Characterizalion ol Pore Water and Sediment
Microelectrode M ements in Sedi 1 Core Pore Walers
Pore Water Constiuent Measuremenis
Sediment Bulk Mineralogical and Chemical Analyses
Modeling of Melal Speciation in Pore Water
Data Analysts
Draft Repont Presantation

_Sedment Melal Specialion Analyses (TBD)

[

Pore Waler and Sediment Toxicity Tests
Surlace Sediment Pore Waler Toxicity Test
Pore Waler Toxicity ldenlificaion Evaluation (TIE)
Surface Acid Volatile Sulhide {(AVS) and Simul ly Extracted Metal (SEM)
Data Analysis
Dratt _Report Presentation

Bioavaiabilily Evaluation
Surtace Bivalve Test
Surface Digestive Fluid Extraction
Sediment/Waler Partilioning Evaluation
Dala Analysis
Dralt Report Presentation

Tr Study in Landtill Wetlands

port Pr A t-Tidal Infl
Mobilization for Tidal Inlluence Sludy
Inslallation of Waler-Level Gauges
Blocking of Culvert Pipes
Conduction ol Water-Level Monitoring Study
Demobihization from Tidal Intluence Study

Data Analysis

Oralt Report Pr

Intrinsic  Translormation Processes
Fingerprinting of PAHs, PCBs, Hydrocarbons and Hydrocarbon Tracers
Sources of Translormation Products Using Isotope Measurements
Intrinsic Production of Meth in A obic Wetland Sedi
Transtormation of PAHs and PCBs in Vadose Zone Soil Plots
Data Analysis
Draft_Report Preparation

Processes in Dislurbed Sediment Sysiems
Leachate Characlerization from Disturbed West Beach Landiill Wellands Sediment
Surface Toxicity of Disturbed Sediments
Data Analysis
Draft Report Preparation




APPENDIX A
RESUMES



SUSAN LESLIE ANDERSON, Ph.D.

Over the past decade, Dr. Anderson has directed investigations in aquatic ecotoxicology. Of particular interest are
projects applying genetic and reproductive toxicology to evaluations of ecological heaith. This research focus is
complemented by extensive experience in ecological risk assessment and its application in environmental policy.

EDUCATION
Ph. D. Ecology, University of California, Davis, 1978-1984
B.A. (Honors) Occidental College, Los Angeles, California, 1-972-1973. 1974-1976
Dartmouth College, Hanover, New Hampshire, 1973-1974

PROFESSIONAL HISTORY
Lawrence Berkeley Laboratory, Energy and Environment Division, Berkeley, CA, Staff Scientist 1990-1995,
Eo logical Research Group Leader 1995-.

California Water Quality Control Board, San Francisco Bay Region, Oakland, CA, Environmental Specialist
March 1986 w0 May 1990.

Lawrence Livermore National Laboratory, Environmental Sciences Division, Livermore, CA, Postdoctoral
Researcher July 1983 - March 1986, Consultant March 1986 to March 1989.

U.S. National Marine Fisheries Service, Tiburon, CA, Consultant June - November 1982.

Lockheed Center for Marine Research, Diablo Canyon Nuclear Power Plant, Avila Beach, CA, Staff Scientist
June 1976 - August 1978.

KEY ACCOMPLISHMENTS

GENETIC AND REPRODUCTIVE ECOTOXICOLOGY: Established relationships between genotoxic and
reproductive damage using aquatic and terrestrial organisms and including multigeneration impacts. Evaluated
genotoxic effects associated with increasing UV-B in Antarctica and Alaska.

ECOLOGICAL RISK ASSESSMENT: Developed a hazard assessment and risk management scheme to evaluate
and control risk to aquatic life from ocean disposal of low-level radioactive wastes and conducted research on the
genotoxic and reproductive effects of ionizing radiation.

AQUATIC TOXICOLOGY: Established first comprehensive toxicity biomonitoring program in San Francisco
Bay to assess impacts of waste discharge practices on the health of the estuarine ecosystem. Evaluated effects of
pollutants on wetland ecosystems of San Francisco Bay, resulting in successful redesing of a treatment marsh.
Validated new techniques for sediment toxicity assessment. -

ACADEMIC AWARDS
Pew Scholar in Conservation and the Environment, 1992 (among first 30 worldwide)
Lawrence Berkeley Laboratory Outstanding Performance Award, 1993

Lerner-Gray Fund for Marine Research, Doctoral Research Award, American Museum of Natural History, New
York, 1982

Five University of California Davis graduate research awards, 1979-1982

Occidental College International Fellowship—undergraduate award for research in France, 1975 (received medal
from French oceanographic agency, CNEXO).

PROFESSIONAL AFFILIATIONS
Society of Environmental Toxicology and Chemistry
Environmental Mutagen Society

Genetic and Environmental Toxicology Association



COMMITTEE MEMBERSHIPS

Member, Executive Committee of the University of Califomia Toxic Substances Research and Teaching

Program (1990-1995)
Chair, Napa Conference on Genetic and Molecular Ecotoxicology (1993)

Member, Executive Committee and Faculty Affiliate, Energy and Resources Group, University of
California, Berkeley (1993-present)

Chair, Technical Advisory Committee, USEPA San Francisco Estuary Project (1988-90)

Member, State of California Marine Bioassay Protocol Review Committee (1992-present)
Member, GESAMP/UNEP Working Group No. 33 on Biomarkers and Marine Pollution (1994)
Member, SETAC New Initiatives Committee (1993-94)

PUBLICATIONS

Anderson, S.L. 1977. Artisanal methods in French oysterculture: a regional comparison. Proceedings of the
World Mariculture Society 8:373-386.

Hines, A., S. Anderson, and M. Brisbin. 1980. Heat tolerance in the black abalone, Haliotis cracherodii Leach,
1814: effects of temperature fluctuation and acclimation. Veliger 23(2):113-118.

DeVlaming, V., D. Baltz, S. Anderson, R. Ritzgerald, G. Delahunty and M. Barkley. 1983. Aspects of

embryo nutrition and excretion among viviparous embiotocid teleosts: potential endocrine involvements.
Comparative Biochemistry and Physiology 76:189-198.

Anderson, S.L. 1984. Molt and Reproduction of the Ridgeback Prawn, Sicyonia ingentis (Penacidae). Ph.D.
Dissertation, University of California Davis.

Anderson, S.L., W.H. Clark, Jr., and E.S. Chang. 1984. Timing of postvitellogenic ovarian changes in the
ridgeback prawn, Sicyonia ingentis (Penaeidae) determined by ovarian biopsy. Aquaculture 42:257-271.

Anderson, S.L., W H. Clark, Jr,, and E.S. Chang. 1985. Multiple spawning and molt synchrony in a
free-spawning shrimp (Sicyonia ingentis: Sicyoniidae). Biological Bulletin 168:377-394.

Anderson, S.L., L. Botsford, and W.H. Clark, Jr. 1985. Size distributions and sex ratios of ridgeback prawn
(Sicyonia ingentis) in the Santa Barbara Channel, 1979-1981. California Cooperative Fisheries Investigation
Reports 26:169-174.

Anderson, S. and F. Harmrison. 1986. Effects of Radiation on Aquatic Organisms and Radiobiological
Methodologies for Effects Assessments. U.S. EPA, Washington, D.C. (EPA 520/1-85-016).

Krauter, P,, S. Anderson, and F. Harrison. 1987. Radiation-induced micronuclei in peripheral blood erythrocytes
of Rana catesbeiana: an aquatic animal model for in vivo genotoxicity studies. Environmental Mutagenesis
10:285-296.

Anderson, S., F. Harrison, G. Chan and D.H. Moore I1. 1988. Chromosomal aberrations, reduced fecundity and
lifespan in irradiated polychaete worms. U.S. EPA, Washington, D.C. (EPA Technical Report 520/1-87-007).

Harrison, F.L. and S.L. Anderson. 1989. Reproductive success as an indicator of genotoxicity in the polychaete
worm, Neanthes arenaceodentata. Marine Environmental Research. 28:313-316.

Harrison, F. and S. Anderson. 1989. Chapter 30. Effects of radiation on reproductive success of the polychaete
worm Neanthes arenaceodeniata. IN: Interim Oceanic Description of the Northeast Atlantic Site for the Disposal
of Low-Level Radioactive Wastes (10D-3). Nuclear Energy Agency (NEA), Paris, France.

Anderson, S., F. Harrison, G. Chan and D.H. Moore. 1990. Comparison of whole animal and cellular bioassays
in the prediction of radiation effects on marine organisms. Archives of Environmental Contamination ad
Toxicology. 19:164-174.



Anderson, S., G. Wild, D. Litdejohn and J. Harte. Multigeneration exposures to genotoxic agents cause sterility
i~ the nematode Caenorhabditis elegans. For submittal to Nature Letters.

Anderson, S. and G. Wild. An assay for detecting sublethal effects of contaminants in sediment pore water using
the nematode Caenorhabditis elegans. For submittal to Environmental Toxicology and Chemustry.

Gray, E. and S. Anderson. Effects of of mitomycin-C on female germ cells of the Japanese medaka Oryzias
latipes. For submittal to Ecotoxicology.

D. Karentz, 1. Bosch, J. Hoffman and S. Anderson. Responses of Antarctic sea urchins to laboratory and solar
ultraviolet-B exposures. For submittal to Marine Biology.

Anderson, S., J. Hoffman and M. Wilson. Genotoxic and developmental responses to arsenic exposure in three
species. For submittal to Bulletin of Env.ronmental Toxicology and Chemistry.

OTHER PUBLICATIONS AND REPORTS

Dr. Anderson has published numerous UC series and national laboratory reports; these are only cited below i)
they contain substantial information that was not published, in press, or submitted elsewhere.

Anderson, S. and S. Hansen. 1982. Determination of West Coast Groundfish Primary marketing channels.
National Marine Fisheries Service, NOAA, Contract 82-ABA-2087, La Jolla, CA.

Anderson, S. and F. Harrison. 1986. Regeneration used in an improved genotoxicity assay for adult polychaete
worms (Neanthes arenaceodentata). UCRL no. 95749.

Ritchie, S., S. Anderson, D. Tempelis, M. Carlin and K. Garrison. 1986. Water quality control plan for the San
Francisco Bay Basin. California State Water Resources Co_ntrol Board, Sacramento, CA.

Anderson, S., W. Pease, M. Carlin and T. Mumley. 1987. San Francisco Bay Regional Water Quality Control
Board Effluent Toxicity Characterization Program. Guidelines of the San Francisco Bay Regional Water Quality
Control Board. Oakland, CA.

Pease, W., K. Taylor, and S. Anderson. 1989. Toxic Substances of Concern and Potential Water Quality
Objectives for the Protection of Aquatic Life and Human Health. Technical Report No. 1, Planning Division
San Francisco Bay Regional Water Quality Control Board Oakland CA.

Anderson, S., E. Hoffmann, D. Steward and J. Harte. 1990. Ambient toxicity characterization of San Francisco
Bay and adjacent wetland ecosystems. LBL Report No. 29579.

Anderson, S.L. 1992. Monitoring genetic damage to ecosystems from hazardous waste. Proceedings of the
Pacific Basin Conference on Hazardous Waste. Bangkok, Thailand, April 6-10, 1992.

E. Hoffman, J. Knezovich, and S. Anderson. 1995. Determinants of sediment toxicity in San Francisco Bay.
LBL Report No. 36592.

Anderson, S.L., G. Wild, N. Kado, R. Kaznelson, W. Sadinski, J. Hoffman and W. Jewell. Genotoxic and
developmental responses in three species exposed to contaminated sediment pore water. LBL report No. 33751.
(draft under revision)

GESAMP/UNEP Working Group No. 33. 1995. Biomarkers and marine pollution. (one of several working
group members)

Dr. Anderson has published 24 abstracts. Her work has been reviewed in the scientific and popular press in
sources as diverse as Science magazine, the San Francisco Chronicle and local television.



CURRICULUM VITAE SUSAN A. CARROLL
Date of Birth: February 7, 1961

Earth Sciences Department
- Lawrence Livermore National Laboratory
Livermore, CA 94551

EDUCATION

1983-1989  Ph.D., Geochemistry, Northwestern University Evanston, IL
Thesis: The dissolution behavior of corundum (25°C),
kaolinite (25, 60, 80°C) and andalusite (25°C): A surface complex
reaction moc el for the dissolution of aluminosilicate minerals
: in diagenetic and weathering environs.
1979-1983  B.S., Geology, University of Kansas ) Lawrence, KS

PROFESSIONAL EXPERIENCE

1992-present Lawrence Livermore National Laboratory Livermore, CA
Environmental Geochemist: Experimental studies of rock-water
reactions.

1990-1992  University of Missouri-Columbia Columbia, MO

Assistant  Professor: Developed undergraduate and graduate
environmental / low temperature aqueous geochemistry programs.
Research included investigation of rock-water interactions in the silicate and
carbonate systems at near earth surface pressures and temperatures.

1990 National Center of Scientific Research (CNRS) Orsay, FRANCE
Research Scientist: Mobility of nuclear waste within the geosphere:
The application of high energy ion beam techniques to investigate trace
metal interactions at the calcite-solution interface.

1989-1990  Royal Institute of Technology Stockholm, SWEDEN
Research Scientist: Mobility of nuclear waste within the geosphere:
The sorption of trace metals to calcite in aqueous solutions.

Summer 1985 Exxon Production Research Company Houston, TX
Research Assistant: Characterization of the chemical and physical
properties of clay minerals in “shaly sands".

Summer 1984 The Swiss Federal Institute for Diibendorf, SWITZERLAND
Water Resources and Water Pollution Control (EAWAG)
Research Assistant: Kaolinite dissolution kinetic studies at 25°C.

PROFESSIONAL OFFICE

1994-1997  Geochemical Division of the American Chemical Society,
Secretary
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1853-1856.

Carroll, S. A., (1993). Precipitation of Nd-Ca carbonate solid solution at 25°C. Geochimica et
Cosmochimica Acta 57, 3383-3393. ’

Carroll, S. A., Bruno, J., Petit, J. C., and Dran, J. C., (1992). Interactions of U(VI), Nd(III),
and Th(IV) at the calcite-solution Interface. Radiochimica Acta 58/59, 245-252.

Carroll, S. A. and Bruno, J., (1991). Mineral-solution interaction in the U(VI)-CO2-H20 system.
Radiochimica Acta 52/53, 187-193.

Carroll, S. A. and Waither, J. V., (1990). Kaolinite dissolution at 25, 60, and 80°C. American
Journal of Scier.ce 290, 797-810.

Carroll-Webb, S. A. and Walther, J. V., (1988) A surface complex reaction model of the pH
dependence of corundum and kaolinite dissolution rates. Geochimica et Cosmochimica Acta,
52, 2609-2624.

Webb, Susan Carroll and Wood, B. J., (1986). Spinel-pyroxene-gamet relationships and their
dependence on Cr/Al ratio. Contribution to Mineralogy and Petrology 92, 471-480

SYMPOSIUM PROCEEDINGS AND REPORTS

Carroll S., Copenhaver S., and Alai M. (1995) Experimental investigation of hydrous pyrolysis of
diesel fuel: Potential impact on the proposed high-level radioactive waste repository, Yucca
Mountain, Nevada. (in revision LLNL-UCRL.)

ODay P. A., Carroll S. A., Waychunas G. A., and Phillips B. (1995) XAS of trace element

- coordination in natural sediments at ambient and cryogenic temperatures. (in press) 21S7T.
Annual Users Conference, Stanford Linear Accelerator Center.

Bates, J. K., Bourcier, W. L., Bradley, C. R., Brown, N. R, Buck, E. C, Carroll, S. A,
Cunnane, J. C., Dietz N L., DiSanto, T., Ebert, W. L., Emery, J. W,, Feng, X., Gerding,
T. J., Gong, M., Hafenrichter, L. D., Hoh, J. C., Mazer, J. J., Morgan, L. E., Newton, L.,
Phillips, B. L., Pletcher, R., and Wronkiewicz, D. Z. (1994) ANL technical support program
for DOE environmental restoration and waste management, Annual Report October 1992-
September 1993 ANL-94/19.

Bourcier, W. L., Carroll, S. A., and Phillips, B. L. (1994). Constraints on the affinity term for
modeling long-term glass dissolution rates. Mat. Res. Soc. Symp. 333, 507-512.

Carroll, S. A., Bourcier, W. L., and Phillips, B. L. (1994). Surface chemistry and durability of
borosilicate glass. Mar. Res. Soc. Symp. 333, 533-540. -

Jackson, K. J. and Carroll, S. A. (1994) Experimental investigation of hydrous pyrolysis of diesel
fuel and the effect of pyrolysis products on performance of the candidate nuclear waste
repository at Yucca Mountain. Mat. Res. Soc. Symp. 333, 841-847.

Stout, D. L. and Carroll, S. A. (1993). A Literature review of actinide-carbonate mineral
interactions. SAND92-7328.

Carroll, S. A. (1992). Mechanisms controlling NdOHCO3-CaCO3 solid solution formation.
Proceedings of the 7th International Symposium: Water-Rock Interaction, Miles (ed.)
Balkema, Roterdam, p.89-92.

Bruno, J., Carroll, S., Sandino, A., Charlet, L., Karthein, R., and Wersin, P. (1989).
Adsorption, precipitation and coprecipitation of trace metals on carbonate minerals at low
temperatures. Proceedings of the 6th International Symposium: Water-Rock Interaction,
Miles (ed.) Balkema, Roterdam, p.121-124.

* Please note that I have published under the names Carroll, Carroll-Webb, and Webb.



ADSTRACTS

Carroll S. A, Alai M., Mroczek E. K., Ebert M. (1995) Amorphous silica precipitation rates:
Comparison of laboratory and field determinations. GSA Abstracts with Programs.

O’Day P., Carroll S. Waychunas G. (1995) Bonding and coordination of trace metals in acid-
mine sediments using synchrotron x-ray Absorption Spectroscopy. GSA Abstracts with
Programs.

Carroll S., ODay P., Waychunas G., and Phillips B., (1995) EXAFS of heavy metal
coordination in acid mine drainage. American Chemical Sociery 209, GEOC-008.

Carroll S., Phillips B., ODay P., Waychunas G., and-Piechowski M. (1994) Environmental
applications of EXAFS: Zinc structure in acid mine drainage sediments. GSA Abstracts
with Programs .

ODay P. A, Carroll S. A., Waychunas G. A., and Phillips B. (1994) XAS of trace element
coordination in natural sediments at ambient and cryogenic temperatures. Eigth
International “onference on X-ray Adsorption Fine Structure.

Piechowski, M. and Carroll, S. A. (1994). A field study of the mobility of Zd, Pb, and Zn in
the Tri-State Mining district. American Chemical Society 207, ENVR 206.

Bourcier, W. L., Carroll, S. A., and Phillips, B. L. (1993). Constraints on the affinity term
for modeling long-term glass dissolution rates. Material Research Society, p. 533.

Bourcier, W. L., Carroll, S. A., Phillips, B. L., Bates, J. K., and Ebert, W. L. (1993).
Modeling SRL-202 glass dissolution: combined constraints from varying SA/V, flow-
through, surface titration AEM, and NMR experiments. American Ceramic Society 95,
91.

Brady, P. V. and Carroll, S. A. (1993). Geochemical weathering and Global Climate Control.
Fall Amer. Geophys. Union Trans . 74: 267.

Carroll, S. A. (1993). Characterization of the calcite-solution interface. American Chemical
Society 205, GEOC 134.

Carroll, S. A., Bourcier, B. L., and Phillips, B. L. (1993). Borosilicate glass durability and
surface complexation theory. Fourth International Conference on Chemistry and Migration
Behavior of Actinides and Fission Products in the Geosphere, p. 91.

Carroll, S. A., Bourcier, B. L., and Phillips, B. L. (1993). Surface chemistry and durability
of borosilicate glasses. Materials Research Society , p.534.

Jackson, K. J. and Carroll, S. A. (1993) Experimental investigation of hydrous pyrolysis of
diesel fuel and the effect of pyrolysis products on performance of the candidate nuclear
waste repository at Yucca Mountain. Materials Research Society, p. 544.

Carroll, S. A., Bruno, J., Petit, J. C., and Dran, J. C. (1991). Interactions of U(VTI), Nd(III),
and 'I'h(IV) at the calcxte soluuon Interface. Third International Conference on Chemisiry
and Migration Behavior of Actinides and Fission Products in the Geosphere, p. 144-145.

Bruno, J. and Carroll, S. A. (1989). Adsorption and coprecipitation in the U(VI)-calcite
system. Second International Conference on Chemistry and Migration Behavior of
Actinides and Fission Products in the Geosphere, p.78.

Webb, Susan Carroll and Walther, J. V. (1988). Dissolution mechanisms of andalusite at
25°C. GSA Abstracts with Programs 20, A41.

Webb, Susan Carroll and Walther, J. V. (1988). Temperature dependence of kaolinite
dissolution. GSA Abstracts with Programs 20, A41.

Webb, Susan Carroll and Walther, John. V. (1987). Surface complexation reactions and the
pH dependence of corundum dissolution. International Congress of Geochemistry and
Cosmochemistry in Chemical Geology 70, p. 83.

Webb, Susan Carroll and Walther, John V. (1986) A surface complexation model for the
dependence of aluminosilicate dissolution rates. GSA Abstracts with Programs 18, 784.

Webb, Susan Carroll and Wood, B. J. (1984). Chromium-aluminum partitioning between
clinopyroxene and spinel. Amer. Geophys. Union Trans. (EOS) 65, 293.
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Ph.D. in Geology (Harvard University, March 19§0)
Thesis: The relation of propylitic alteration and O!8-depletion patterns to Ag/Au vein
deposits in the 1'ayoltita mining district of Durango, Mexico.

A.M. in Geology (Dartmouth College, June 1982)
+  Thesis: Variatiuns within the layering of the Skaergaard intrusion, East Greenland.

B.A. in Geology (Pomona College, May 1979)

Thesis: The petrology of a portion of the San Dimas Experimental Forest, San Gabriel
Mountains, southern California.

PROFESSIONAL EXPERIENCE

Geological Scientist (Lawrence Berkeley National Laboratory; 5/95-present): Monitoring
subsurface bacterial activity with stable isotopes, paleoclimatic patterns in Califonia and
stable isotope systematics of clay minerals.

- Geologist Postdoctoral Fellow (Lawrence Berkeley National Laboratory; 5/92- 5/95):
Stable isotope evidence for subsurface bacterial activity, groundwater hydrology and water-
rock interaction in geothermal systems.

Research Associate (Dartmouth College; 10/90-5/92): Research on fluid-rock interaction in a
variety of geologic environments. :

Consulting geologist (Meridian Gold Company; 4/88-12/88, 3/90-5/90): Evaluauon of gold
property in the Mother Lode of California.

Teaching Fellow (Harvard University; 1984-1987): Inwoductory mineralogy and summer
field camp.

Exploration Geologist (Anaconda Minerals Company; 6/80-10/80, 3/81-7/81, 6/82-8/83):
Evaluation of properties in the United States and Mexico.

Teaching Fellow (Dartmouth College; 1979-1982): Optical mineralogy, igneous and
metamorphic petrology, structural geology and field methods.

Summer Geologist (Noranda Exploration, Inc.; 5/79-8/79): Reconnaissance mapping of
volcanic rocks in Arizona to evaluate mineral potential.

“w Professional Affiliations: Geological Society of America, Mineralogic Society of America,
American Geophysical Union, Society of Economic Geologists, Clay Minerals Society.



PUBLICATIONS

Journal Articles

Chamberlain, C.P., and Conrad, M.E., 1991, The relative permeabilites of quartzites and schists
at mid-crustal levels: Geophys. Res. Lett., v. 18, p. 959-962.

Chamberlain, C.P., and Conrad, M.E., 1991, Oxygen isotope zoning in garnet: Science, v. 254,
p. 403-406.

Chamberlain, C.P., and Conrad, M.E., 1993, Oxygcn—is.otopc zoning in garnet: A record of
volatile transport: Geochim. et Cosmochim. Acta, v. 57, p. 2613-2630.

Conrad, MLE,, and Naslund, H.R., 1989, Modally-graded rhythmic layering in the Skaergaard
intrusion: J. Petr., v. 30, p. 251-269.

Conrad, M.E., Petersen, U., and O'Neil, J.R., 1992, Evolution of an Au-Ag producing
hydrothermal system: The Tayoltita mine, Durango, Mexico: Econ. Geol., v. 87, p. 1451-1474.

Conrad, M.E., and Chamberlain, C.P., 1992, Laser-based, in situ measurements of fine-scale
variations in the 5180 values of hydrothermal quartz: Geology, v. 20, p. 812-816.

. Conrad, M.E., O'Neil, .R., and Petersen, U., 1995, The relation between widespread 180-
depletion patterns and precious metal mineralization in the Tayoltita mine of Durango, Mexico:
Econ. Geol., v. 90, p. 322-342.

Macfarlane, A.W., Prol-Ledesma, R., and Conrad, M.E., 1994, Isotope and fluid inclusion
studies of the geological and hydrothermal evolution of the Hualgayoc district, northern Peru:
International Geology Review, v. 36, p. 645-677.

Ingram, B.L., Conrad, M.E,, and Ingle, J.C,, in press, Stable isotope variations in estuarine
waters: Relation to salinity and freshwater inflow: Geochim. et Cosmochim. Acta.

Thomas, D.M., Paillet, F.L., and Conrad, M.E., in review, Hydrogeology of the HSDP borehole

KP-1, Part II: Ground-Water geochemistry and regional flow pattterns: Jour. of Geophys.
Research.

Recent Abstracts

Conrad, M.E., and Thomas, D.M., 1995, Fluid mixing, boiling and water-rock interaction in the

East Rift Zone of Kilauea volcano, Hawaii: Geol. Soc. Am., Abst. with Prog., v. 25, no. 6, p.
A203.

Conrad, M.E., Daley, P.F., Fischer, M.F., Buchanan, B.B., and Leighton, T., 1995, Carbon
isotope evidence for subsurface bacterial activity at the Naval Air Station, Alameda, California.
EOS, Trans., Am. Geophys. Union, v. 76, no. 17, p. S119.

Conrad, M.E,, Karasaki, K., and Freifeld, B., 1994, The use of deuterium-enriched water as a
tracer for hydrologic tests: Abstracts of the Eighth International Conference on Geochronology,
Cosmochronology and Isotope Geology, U.S. Geological Survey Circular 1107, p. 66.

Conrad, M.E., Leighton, T., and Buchanan, B.B., 1994, Carbon isotope fractionation by Bacillus
subtilis. Geological Society of America Abstracts with Programs, v. 26, p. A-510.
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Education:
B.S. Microbiology, 1971, Michigan State University, East Lansing, MI

M.S. Microbiology, 1977, Michigan State University
Thesis: Purification and characterization of an enzyme involved in the metabolism of
nitrilotriacetic acid

Ph.D. Soil Science, 1979, Michigan State University
Thesis: Factors influencing the production of nitrous oxide during denitrification.

Research and Professional Experience:

1971 - 1979

1979 - 1990

1990 - present

1993 - 1995

Recognition:

Research Associate; NSF Graduate Trainee; Michigan State University

Research on: Biodegradation of halogenated anilines and benzoates; biodegradation
of nitrilotriacetate (NTA); development of acetylene inhibition technique; design and
development of new methodologies for denitrification studies; role of NO and N2O
as denitrification intermediates.

Lecturer; Assistant Professor; Associate Professor; U.C. Berkeley
Research on: Physiological ecology of soil microorganisms with emphasis on
control of C and N transformations and microbial response to environmental stress.

Professor and Soil Microbiologist, U.C. Berkeley
Research on: Soil microbial C and N dynamics; Soil biophysical controls of

atmospherically reactive trace gases; control of microbial biodegradation activity in
surface and subsurface soil.

Chair, Soil Science Department; Head, Ecosystem Sciences Division, Chair,
Environmental Science, Policy, and Management Department, U.C. Berkeley.

1979 - Emil Truog Award, Soil Science Socity of America - outstanding doctoral dissertation
1993 - Boyce Thompson - Distinguished Lecturer in the Life Sciences (Cornell University).
1995 - Fellow - Soil Science Society of America

Classroom Teaching Responsibilities

1979-1986
1979-present
1987-present
1991-1993

Soil as a Medium for Plant Growth, 5 units/3 units

Advanced Soil Biology Biochemistry, 2 units

Soil Microbiology and Biochemistry, lecture and laboratory, 2 units
Global Change Seminar, 2 units



Student Theses Directed:

Dvorak, K. A. 1982. Nitrate control of denitrification in flooded rice soils. M.S. Thesis, University
of California, Berkeley, 59 pp.

Strauss, R. B. 1983. Denitrification in a coniferous forest soil. M.S. Thesis, University of California,
Berkeley, 57 pp.

Toltschin, N. J. 1985. Isolation and characterization of a fermentative denitrifier. M.S. Thesis,
University of California, Berkeley, 58 pp.

Schimel, J. P. 1987. Plant/microbial competition for nitrogen in a California forest and grassland.
Ph.D. Thesis, University of California, Berkeley, 156 pp.

Larsen-Woods, J. M. 1987. Adaptation to solute stress by nitrifiers from saline and nonsaline soils.
M.S. Thesis, University of California, Berkeley, 75 pp.

Jones, T. M. 1988. The physiological response of soil microorganisms to sudden increases in water
potential. M.S. Thesis, University of California, Berkeley, 84 pp.

Hart, S. C. 1990. Control of decomposition processes and nutrient flow in a California forest and
grassland. Ph.D. Thesis, University of California, Berkeley, 226 pp.

Soroker, E. F. 1990. Low water content and low water potential as determinants of microbial fate in
soil. Ph.D. Thesis, University of California, Berkeley, 146 pp.

Norton, J. M. 1991. Carbon and nitrogen dynamics in the rhizosphere of Pinus ponderosa seedlings.
Ph.D. Thesis, University of California, Berkeley, 127 pp.

Stark, J. 1991. Environmental factors versus ammonia-oxidizer population characteristics as
dominant controllers of nitrification in an oak woodland - annual grassiand soil. Ph.D. Thesis,
University of California, Berkeley, 146 pp.

Roberson, E. 1991. Extracellular polysaccharide production by soil bacteria: environmental control
and significance in agricultural soils. Ph.D. Thesis, University of California, Berkeley, 98 pp.

Holden, P. 1995. The effects of water potential on the biodegradation of a volatile hydrocarbon
Ph.D. Thesis, University of California, Berkeley, 189 pp.

Current Doctoral Students:

Dunkin, K. A. Microbial community response to chlorinated hydrocarbon, (1996 completion).
Balser, T. Microbial processes in humification.

Miya, R. Biodegradation in the rhizosphere.

Post-Doctoral Scholars Supervised:

K. S. Killham, 9/81 - 9/83, Soil microbial response to stress.

T. L. Kieft, 9/83 - 7/85, Energy costs of microbial response to salt stress in soil.
L. Jackson, 9/84 - 7/86, Plant-microbial competition for nitrogen.
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P. Rygiewicz, 5/84 - 5/85, Physiological capacities of ectomycorrhizal fungi to utilize organic N-
compounds.

E. A. Davidson, 6/86 - 2/89, Control of soil nitrogen dynamics and trace gas production.

A. Rudaz, 4/88 - 4/89, Visiting Scholar, Control of denitrification in soil.

S. Sarig, 8/88 - 10/90, Control of polysaccharide production by soil microorganisms.

M. Coyne, 8/89 - 12/90, Physiological control of trace N-gas production.

D. Stegemann, 4/90 - 5/91, Modeling of physical/chemical/biotic control of soil trace gas production.

A. Schuster, 6/90 - 1/92, Plant-microbial N-dynamics in oak-woodland savannah.

L. Halverson, 11/91 - 8/95, Microbial ecology of oak-woodland savannah soils.

J. Jaeger, 8/93 - present, Plant microbial interactions in rhizosphere soil.

T. Holden, 11/95 - present, Petroleum hydrocarbon biodegradation

Publications (last five years):

Hart, S. C. and M. K. Firestone. 1991. Forest floor-mineral soil interactions in the internal nitrogen
cycle of an old-growth forest. Biogeochem. 12:103-127.

Norton, J. M. and M. K. Firestone. 1991. Metabolic status of bacteria and fungi in the rhizosphere of
ponderosa pine seedlings. Appl. Environ. Microbiol. 22:449-455.

Rudaz, A. O, E. A. Davidson and M. K. Firestone. 1991. Sources of nitrous oxide following
wetting of dry soil. FEMS Microb. Ecol. 85:117-124.

McColl, J. G. and M. K. Firestone. 1991. Soil Chemical and microbial effects of simulated acid rain
on clover and soft chess. Water Air Soil Pollut. 60:301-313.

Roberson, E. B., S. Sarig, and M. K. Firestone. 1991. Cover crop management of polysaccharide-
mediated aggregation in an orchard soil. Soil Sci. Soc. Am. J. 55:734-738.

Davidson, E. A, S. C. Hart, C. A. Shanks, and M. K. Firestone. 1991. Measuring gross nitrogen

mineralization, immobilization, and nitrification by I5N isotopic pool dilution in intact soil cores. J.
Soil Sci. 42:335-349.

Roberson, E. B. and M. K. Firestone. 1992. The relationship between desiccation and
exopolysaccharide production by a soil Pseudomonas. Appl. Environ. Microbiol. 58:1284-1291.

Hart, S. C., M. K. Firestone, and E. A. Paul. 1992. Decomposition and nutrient dynamics of
ponderosa pine needles in a Mediterranean-type climate. Can. J. Forest Res. 22:306-314.

Davidson, E. A,, S. C. Hart, and M. K. Firestone. 1992. Internal cycling of nitrate in soils of a
mature coniferous forest. Ecology, 73:1148-1156.

Davidson, E. A., D. J. Herman, A. Schuster, and M. K. Firestone. 1993. Cattle grazing and oak trees
as factors affecting soil emissions of nitric oxide from an annual grassland. pp. 109-119. In:
Agricultural Ecosystems Effects on Trace Gases and Global Change. ASA Special Publication 70.55.
Madison WL

Hart, S. C., M. K. Firestone, E. A. Paul, and J. L. Smith. 1993. Flow and fate of soil nitrogen in an
annual grassland and a young mixed-conifer forest. Soil Biol. Biochem. 25:431-442.



Sarig, S., E. B. Roberson and M. K. Firestone. 1993. Microbial activity — soil structure: response
to saline water irrigation. Soil Biol. Biochem. 25:693-697.

Roberson, E. B., C. Chenu, and M. K. Firestone. 1993. Microstructural changes in bacterial
exopolysaccharides during desiccation. Soil Biol. Biochem. 25:1299-1301.

Hart, S. C., J. M. Stark, E. A. Davidson, and M. K. Firestone. 1994. Nitrogen mineralization,
unmobxhzanon, and nitrification. pp. 985-1016. In: Methods of Soil Analysis, Pan2 Biochemical
and Microbiological Properties. SSSA. Madison WL

Fukui, R., Schroth, M.N., Hendson, M., Hancock, J.G. and Firestone, M.K. 1994. Growth patterns
and metabolic activity of pseudomonads in sugar beet spermospheres: relationship to pericarp
colonization by Pythium ultimum. Phytopath 84:1331-1338.

Ecological and Social Dimensions of Global Change. 1994. Caron, D., Chapin, F.S., Donoghue, J.,
Firestone, M, Harte, J., Wells, L.E. and Stewardson, R. Eds. Inst. of Int. Studies U.C. Berkeley.

Stark, J.M. and Firestone, M.K. 1995. Mechanisms for soil moisture effects on activity of nitrifying
bacteria. Appl. Environ. Microbiol. 61:218-221.

Hunt, J.R., Holden, P.A. and Firestone, M.K. 1995. Coupling transport and biodegradation of VOCs
in surface and subsurface soils. Environ. Health Persp. 103:75-78.

Stark, J.M. and Firestone, M.K. 1995. Isotopic labelling of soil nitrate pools using nitrogen-15 nitric
oxide gas. Soil Sci. Soc. Am. J. 59:844-847.

Holden, P.A., J.R. Hunt, and M.K. Firestone. 1995 Unsaturated zone gas-phase VOC
biodegradation: the importance of water potential. 50th Purdue Industrial Waste Conference
Proceedings: 113-127. Ann Arbor Press.

Roberson, E.B., S. Sarig, C. Shennan and M.K. Firestone. 1996. Nutritional management of
microbial polysaccharide production and aggregation in an agricultural soil. Soil Sci. Soc. Am. J.
59:(In Press)

Norton, J.M. and M.K. Firestone. 1996 Nitrogen dynamics in the rhizosphere of Pinus Ponderosa
seedlings. Soil Biol. Biochem. (In Press).

Holden, P. A. and M K. Firestone. 1996. Soil microorganisms in soil cleanup: how can we improve
our understanding? J. Environ. Qual. (In Press)
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p B.S. in Civil and Environmental Engineering, University of California, Irvine, 1972
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6/73-9/75 Environmental Engineer, Hydrocomp Inc., Palo Alto, California.

7/80-6/87  Assistant Professor, Department of Civil Engineering, UC Berkeley

7/87-6/94 Associate Professor, Department of Civil Engineering, UC Berkeley
7/94-present Professor, Department of Civil and Environmental Engineering, UC Berkeley
7/89-6/92 Vice Chair, Academic Affairs, Department of Civil Engineering, U.C. Berkeley

Recent Professianal Activities:

Registered Civil Engineer in California

Department of Energy Q Clearance

Diplomate of the American Academy of Environmental Engineering

Science Advisory Committee, Environmental Protection Agency Great Lakes - Mid-
Atlantic Hazardous Substance Research Center, 1991-1995

National Water Research Institute, Research Advisory Board, 1993-present

National Research Council, Marine Board Committee on Contaminated Marine
Sediments, 1993-1996 o

University of California Water Resources Center, Coordinating Board, 1994-1997

. University Activities:

Group Leader of Environmental Engineering Program in the Department of Civil and
Environmental Engineering, 1993-present

Elected member of the Berkeley Divisional Council, University of California Academic
Senate, 1995-1997
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American Geophysical Union.
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Current Besearch Prajects:

Transport and Transformation of Volatile Organic Solvents in Unsaturated Soils,
National Institute of Environmental Health Sciences 1992-1996 (with M. K.
Firestone and L. Alvarez-Cohen).

Aggregation of Petroleum Hydrocarbons with Particles in Urban Runoff and Estuarine
Waters, Interagency Ecological Study Program, San Francisco Bay-Delta,
1993-1996.

Subsurface Nobel Gas Transport at the Nevada Test Site, Los Alamos National
Laboratory, 1993-1996.

In-Situ Reduction of Acid Rock Drainage, University of California Toxic Substances

. Teaching and Research Prugram, 1994-1996 (with L. Alvarez-Cohen and F.
M. Doyle).

Microbial Degradation of Petroleum Hydrocarbons in Unsaturated Soils: The
Mechanistic Importance of Water Potential and the Exopolymer Matrix, U. S.
Environmental Protection Agency, 1994-1996 (with M. Firestone).

Additional Sampling and Analysis: Sediment Characterization and Treatability Study
at Naval Air Station Alameda, California, U. S. Navy, 1996-1997 (with N.
Sitar and scientists at LBNL and LLNL)

Patent:

K. S. Udell, N. Sitar, J. R. Hunt, and L. D. Stewart (1891) Process for in situ

decontamination of subsurface soil and groundwater, U. S. Patent No.
5,018,576.

Ref | Publications:

J. R. Hunt (1980) Prediction of oceanic particle size distributions from coagulation and
sedimentation mechanisms. In: Particulates in Water: Characterization, Fate, Effects
and Removal, M. C. Kavanaugh and J. O. Leckie, editors, Advances in Chemistry
189, 243-257.

J. R. Hunt (1982) Self-similar particle size distributions during coagulation; theory and
experimental verification, Journal of Fluid Mechanics, 122, 169-185.

J. R. Hunt (1982) Particle dynamics in seawater; implications for predicting the fate of
discharged particles, Environmental Science and Technology, 16, 303-309.

J. R. Hunt and J. D. Pandya (1984) Sewage sludge coagulation and settling in seawater,
Environmental Science and Technology 18, 119-121.

J. R. Hunt (1986) Particie aggregate breakup by fluid shear. In: Estuarine Cohesive
Sediment Dynamics, A. Mehta, Editor, Springer-Verlag, pp 85-109.

L. M. McDowell-Boyer, J. R. Hunt, and N. Sitar (1986) Particle transport through porous
media, Water Resources Research, 22(13), 1901-1921.

B. E. Logan and J. R. Hunt (1987) Advantages to microbes of growth in permeable
aggregates in marine systems, Limnology and Oceanography, 32, 1036-1050.

A. C. Molseed, J. R. Hunt, and M. W. Cowin (1987) Desalination of agricultural drainage
return water |. Operational experiences with conventional and non-conventional
pretreatment methods, Desalination 67, 249-262.

B. E. Logan and J. R. Hunt (1988) Bioflocculation as a microbial response to substrate



Hunt

limitations, Biotechnology and Bioengineering, 31, 91-101.

J. R. Hunt, N. Sitar, and K. S. Udell (1988) Nonaqueous phase liquid transport and cleanup
. Analysis of mechanisms, Water Resources Research, 24, 1247-1258.

J. R. Hunt, N. Sitar, and K. S. Udell (1988) Nonaqueous phase liquid transport and cleanup
Il. Experimental studies, Water Resources Research, 24, 1253-1269.

R. W-. Buddemeier and J. R. Hunt (1988) Transport of colloidal contaminants in
groundwater: radionuclide migration at the Nevada Test Site, Applied Geochemistry,
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INTRINSIC SEDIMENT PROCESSES SAMPLING AND
ANALYSIS PLAN

1.0 INTRODUCTION

This Sampling and Analysis Plan (SAP) describes the field and laboratory activities to be
conducted during the Intrinsic Sediment Processes Study at the Seaplane Lagoon and West Beach
Landfill Wetlands sites (2 & 17) at NAS Alameda. The SAP identifies the sampling strategy and
rationale. matrix-specific considerations, equ:pment and devices, preservation of samples, custody
procedures and approaches for meeting the study's analytical objectives.

1.1 SAP OBJECTIVES

The sampling and analysis objectives for this project include the following:

* Obtain representative surficial and core sediment samples from selected locations within
the Seaplane Lagoon and the West Beach Landfill Wetlands

* Utlize the sediment samples to conduct innovative and conventional chemical, toxicity
and other tests described in the Work Plan

* Analyze samples or sample extracts using standard and innovative techniques in order to
characterize conditions and chemicals present in the sampling locations

* Interpret the resulting analytical data to determine the intrinsic sediment remediation of the
Seaplane lagoon and the West Beach Landfill Wetlands.

* Conduct laboratory testing and field studies of uptake and toxicity of sediment
contaminants to benthic invertebrates.

1.2 RELATED DOCUMENTS

BERC has developed program level documents to describe the procedures to be followed on
projects implemented under the UCB/Navy partnership agreement. These include:

» Contractor Quality Control Program Plan
» Health and Safety Plan, Volumes I and II
* Standard Operating Procedures

* Standard Quality Procedures

Work at Sites 2 and 17 will be conducted in accordance with the general procedures described in
these program documents and more specifically in the Work Plan. The program documents may be
updated periodically. The most recent version of each document is maintained in the BERC office
and will be maintained at the sites during field operations.

1.3 ORGANIZATION OF THE SAMPLING AND ANALYSIS PLAN

The SAP for the Seaplane Lagoon and West Beach Landfill Wetlands (also referred to as Landfill
Wetlands) is divided into six sections. The first Section is the introduction covering objectives,
SAP supporting documents and SAP organization. Section 2 summarizes the previous
investigations at sites 2 and 17. Field sampling and laboratory analytical methods are discussed in
sections 3 and 4, respectively. Section 5 covers quality assurance and quality control (QA/QC)
procedures to be used throughout the SAP. Other supporting documents are referenced in the SAP
with test-specific QA/QC procedures included in the appropriate sections. Section 6 discusses the
Standard Operating Procedures (SOPs) that are included as attachments to this SAP.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
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2.0 BACKGROUND

Previous investigations at Sites 2 and 17 have been summarized in Section 2 of the Work Plan.
The chemicals of interest in the Seaplane Lagoon include trace metals, polycyclic aromatic
hydrocarbons (PAHSs), petroleum hydrocarbon materials, and polychlorinated biphenyls (PCBs).
The chemicals of concern for the Landfill Wetlands include PAHs and PCBs. There is no
information to indicate that volatile organic chemicals (including chlorinated alkanes and alkenes)
are present at these sites.

Section 3 of the Work Plan describes the information required for a better understanding of the
conditions at the two sites, and to support informed decisions regarding the short and long turm
risks of remediation options. Sections 4 and S of the Work Plan describe the overall sampling
approach and the methods that will be used to obtain the needed information. The sections below
and the attached SOPs provide details of the procedures that will be employed to provide the
required data and information

3.0 FIELD SAMPLING

Surface and core sediment samples will be collected from the locations identified in Tables SAP-1
and SAP-2 for the Seaplane Lagoon and for the West Beach Landfill Wetlands, respectively. The
detailed sampling procedures are described in the Standard Operating Procedures. All samples will
be collected by trained and experienced technicians and/or professionals.

Surface samples are practically defined by the depth scale of the intended measurements, the type
of sampling device employed, and how the sediment is prepared for testing or analysis. For
example. the chemical characterization study will evaluate pore water chemistry in surface
sediments on a scale of a few millimeters (mm) or centimeters (cm), which is not a practical scale
for collection of "surface sediments” for toxicity or bioaccumulation studies. For this reason, the
Co-Principal Investigators will each be responsible for overseeing the sampling and sample
handling. and then noting the depth of the "surface sediments” in log books and eventually the
reports for the respective studies.

Sampling Strategv and Rationale for Seaplane Lagoon

Sediment sampling in the Seaplane Lagoon will be accomplished using several sampling methods.
The total sampling program is summarized in Table SAP-1 and in Figure SAP-lab: this table
references the section of the Work Plan where the methods are discussed and also lists the
locations of the samples, the depth of the samples, and the segments of the cores that will be used
in the respective studies. As discussed in Section 2 (including Figure 2-6 showing outfall
locations) and Section 4 of the Work Plan, the sediments near outfalls G and H on the east side of
the lagoon are expected to have the highest chemical concentrations from past releases through the
storm drains. The sediments adjacent to outfalls F and R are also considered to have high chemical
concentrations due to releases from storm drains. The two locations have been designated GH and
FR for the proposed sampling program.

As listed in Table SAP-1, the chemical characterization studies and the transport and transformation
studies will use sediment samples from location GH. Toxicity and bioavailability studies as well as
measurements of lagoon sediment properties will also include samples from location FR.
Additionally, another location midpoint (MP) in the lagoon will be sampled for a toxicity test and
for measurement of sediment properties; this midpoint location will be selected based on the
acoustic imaging. The cores listed in the fifth column also show that some sediments will be shared
among several studies to minimize the sediment coring effort in the lagoon.

All sampling activities discussed below are contingent on the consistency and properties of the
sediment as observed during the initial sampling effort (see Section 4 of Work Plan). It is currently
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planned that sampling of surface sediments for subsequent extraction of pore water for toxicity
testing and TIE measurements will be conducted using a Ponar sampler (see 5.3.1 of the Work
Plan and SOP 25.2 and 27). Surface sediment sampling for the SWIC tests will be conducted
using a specially designed corer that will obtain a 5 inch deep core sample that will be directly used
in the testing apparatus (see Section 5.3.2 and SOP 27.2).

Depending on the sediment properties, it is currently planned to collect  4-inch sediment cores
from a boat using a gravity corer with a liner or by pushing a polymer sleeve (acrylic or
polycarbonate) into the sediment. The latter method is preferred because it minimizes disturbance
of the surficial sediments, but may not be practical for sampling deeper sediments if the sediment is
more compacted. It is expected that the sediment core can be held in the sleeve by a sediment plug
at the bottom of the sleeve, or that the top of the tube may have to be sealed or under vacuum to

hold the core in place. The details of this sampling activity will be determined based on site
experience during the initial sampling effort.

As shown in Table SAP-1, 15 cores (deeper than 20 cm) will be collected from location GH.
Sampling of this location is planned for an area approximately 12 m by 12 m (or 40 ft by 40 ft)
near the seawall adjacent to outfalls G and H. This grid places sampling locations approximately 4
m (or 12 ft) apart so as to minimize disturbance among sampling locations due to
sloughing/collapse of coring holes when the sampling sleeve is withdrawn. Additionally, sediment
corings will be collected in order of expected sensitivity of disturbance to the planned
measurements: sediment cores for chemical characterization will be collected first, followed by
samples for transport and transformation studies. The toxicity testing and bioaccumulation studies
use sediments in batch scale experiments and are considered less affected by sampling disturbance.

All cores will be collected in the presence of the Co-Principal Investigator responsible for study.
The position of each core will be determined using a global positioning system before the core is
retrieved. The Project Geologist will then log the sediment core based on observations through the
transparent sleeve, and the Co-Principal Investigator will receive the intact core for transport back
to the specified laboratory. The Co-Principal Investigator will be responsible for inspection of the
core for any disturbance of sediment, any unusual lack of homogeneity, and other aspects related
to obtaining core samples for accurate and representative measurements. For example, chemical
charactenization of pore water and measurements of sediment properties require that the core be
maintained in a upright position if the core material is somewhat fluid. A copy of the log will be
provided to the CoPrincipal Investigator and lead Principal Investigator for review. Subsequent
subsampling of the core for laboratory studies may add detail to the field observations based on
closer examinations, and the laboratory will reference the log so that the location of the subsample
and its properties can be compared to other sediment core samples.

Sampling Strategv and Rationale for West Beach Landfill Wetlands

Sediment sampling in the West Beach Landfill Wetlands will be limited to the use of ( 1 ) the Ponar
sampler to obtain sediments for pore water testing, and likely (2) a push coring device to obtain
samples for the chemical characterization and intrinsic sediment transformation studies. The total
sampling program is summarized in Table SAP-2 and Figure SAP-2; this table references the
section of the Work Plan where the methods are discussed and also lists the locations of the

samples, the depth of the samples, and the segments of the cores that will be used in the respective
studies.

There are no data to indicate that any areas of the perennially ponded areas have higher
concentrations of chemicals that would make them of special interest for the proposed studies.
Four locations (W1, W2, W3, and W4) in ponded areas will be selected based on discussions with
the Navy and PRC as to what areas would be most beneficially studied for use in ecological
assessments. The sediment samples for individual studies will then be collected by the appropriate
method. As for the Seaplane Lagoon sampling, an initial sampling effort is required to select the
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method that gives intact, undisturbed sediment cores for use in the chemical characterization and
transformation studies. The current sampling strategy is to collect most samples from a single
location. W1, where six cores to a depth of | m will be obtained. (Table SAP-2)

A location in the northwest area of the wetlands adjacent to the West Beach Landfill Wetlands will
be selected for the vadose zone soil plot studies and for collection of samples for use in
measurements of isotope ratios. Compared to the rest of the wetlands, this area of the wetlands
shows slightly higher concentrations of PCBs in soils, which may have resulted from erosion of
PCBs on soils from the West Beach Landfill. As for the samples from the ponded areas, these
locations will be selected in discussions with the Navy and PRC based on data from an ecological
risk assessment.

4.0 LABORATORY ANALYTICAL METHODS

This section describes the analytical methods to be used during the Intrinsic Sediment Processes
Studies at the Seaplane Lagoon and West Beach Landfill Wetlands. The analytical methods for
each study are discussed in the respective SOPs (see Section 6 of this SAP and Attachments).
Table SAP-3 summarizes the methods to be generally used in the respective studies. All methods in
this Table are from EPA Publication SW 846, Test Methods for Evaluating Solid Waste: Physical
and_Chemical Methods. Third Edition. including proposed updates of January, 1995. The
reporting limits are those that have been developed by the Navy for NAS Alameda projects.

Selected SW 846 methods address sample extraction. digestion, cleanup procedures that will be
used for this project. Concentrations ranges are antxcnpated to be predominantly trace analyses (less
than 1000 mg/kg). and the methods selected are appropriate. The quality assurance/quality control
(QA/QC) are written into each method and analytical method specific QC are also discussed in each
method.

Data Reduction and Validation

Data reduction and reporting procedures, including description of appropriate statistical analyses.
will be used. At a minimum. analytical data will be evaluated for the following: Precision.
Accuracy. Representativeness, Comparability and Completeness (PARCC) and acceptable
probabxhtv of error. Considerations will also made for calibration, detection limits, sample holding
times. blank contamination avoidance. spike recovery, and confirmation by a second column or
GC/MS requirements. Matrix replicates will also be used as directed by the investigators. To
ensure understanding of analytical objectives and requirements. all participating laboratories will be
audited by the Contractor Quality Control Program Manager prior to the receipt of the initial

samples for analyses, and each participating laboratory will be audited quarterly while samples are
being processed.

The Role of Analytical Laboratories

The analyses under this project will be performed by a variety of laboratories. Some of these
laboratories are certified by the State of California for certain analytes. All participating laboratories

will provide BERC with a QA/QC plan and sampling and analysis method documentation.
Laboratories ultimately selected will have the technical and equipment capabilities to perform the
analyses requested. BERC Principal Investigators plan to use the following laboratories:

¢ LLNL Environmental Chemistry Laboratory
e LLNL Isotope Sciences Laboratory

e LLNL Geochemistry Group Laboratory & Analytical Laboratory
e Skidaway Institute of Oceanography

e LLNL Environmental Measurements Laboratory
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The LBNL and LLNL laboratories are well respected and recognized in the academic and research
community for their high quality performance and for implementing the Department of Energy's
mission. However, these laboratories are not formally approved by the regulatory agencies or the
Navy to provide data for the federal hazardous waste regulatory decision making process. All
participating laboratories will be acknowledged by the Navy for performing the proposed studies.
As stated above, the Contractor Quality Control Manager will conduct a preaudit and then routine
audits of all laboratories as a quality assurance measure. As discussed in Section 7 of the Work
Plan. the data from individual studies will not be the singularly critical factor in the decision
making process for NAS Alameda, but rather will be used with other data from BERC and PRC to
better understand site conditions for niore informed decisions on response actions. The
documentation of appropriate QA/QC measures, regular audits, and the intended use of the

analytical data are then considered sufficient QA criteria for the participating laboratories to perform
analyses for this study.

4.1 ANALYTICAL DATA HANDLING AND REPORTS

All raw analytical and instrumental calibration data generated in the laboratory will be kept as hard
copies and/or in electronic form in a computer hard drive (with a backup system) and be available
for inspections or reviews by interested parties. The stored information will include
parameters/analytes, final concentration data, all calibration data, names of analyst(s) and peer
reviewer(s). instrumental readout data, calculations and QC data. Analytical reports will include all
the information pertaining to the analytical methods and procedures used, sample and QA/QC
results. chain of custody documentation, and raw data as specified in the QA/QC section. The aim
of the QA/QC is to identify and implement correct methodologies which limit the introduction of
error into the analytical procedures.

3.0 QUALITY ASSURANCE/QUALITY CONTROL

Section 7 of the Work Plan presents general QA/QC considerations; the EPA method for the
analysis of priority pollutants includes detailed QC procedures and requirements. These guidelines
will be followed throughout the chemical analysis. General QC procedures will include the analysis
of a procedural blank and a matrix spike along with every 20 samples processed. To measure
analytical precision, at least one sample will be analyzed in triplicate for every 20 samples
analyzed. The standard deviation and coefficient of variation will be reported. In addition,
recoveries of surrogate spikes will be documented and all analytical instruments calibrated at least
daily. All calibration data will be reviewed by the laboratory manager or other qualified laboratory
personnel. As appropriate, standard reference materials (SRM) available from commercial sources,
will also be routinely analyzed to determine analytical accuracy.

Data Qualitv Information

Data quality objectives (DQOs) include the anticipated use for samples taken, determines the types
of laboratory analysis used; sensitivity of the analytical techniques; detection limits; confidence
limits; and precision, accuracy, representativeness, completeness, and comparability (PARCCs).
An appropriate sampling design is critical for the resulting data quality. The criteria by which data

accuracy and precision are judged constitute the QA/QC requirements discussed in Section 7 of the
Work Plan.

Analvtical Information Required for Reporting

The following is a summary of analytical information required for reporting data generated during
this study:

 All analytical results for each sample taken (raw data may be requested under certain
circumstances), in addition to documents that summarize data
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« Detection and quantitation limits for all analytical data

» Description of the level of QA/QC used and copies of the QA/QC results and data
validation reports

* Blank and spike sample results (specify lab or field samples)

» Care and decontamination of tools, instruments, and sampling equipment in the field to
prevent cross-contamination of samples

» Sample preservation and storage protocols and holding times

« Total concentrations of analytes of interest and concentrations of parameters required for
the ancillary investigations

» The sampling approach for the Seaplane Lagoon and the West Beach Landfill Wetla .ds is
discussed in Section 4 of the Work Plan.

6.0  STANDARD OPERATING PROCEDURES

Detailed procedures documenting the purpose. objectives, references, procedures and analysis
methods. and other topics related to experimental procedures have been formulated as Standard
Operating Procedures (SOPs) for this SAP, and are included as attachments to this SAP. In several
instances. detailed procedures are available in literature and this materal is included in an SOP for
attachment rather than duplicating the text in an SOP. SOP 24.4. Isotope Monitoring, that will be
conducted as part of the transformation studies (see Section 5.6.2). has already been submitted as
part of the Intrinsic Remediation Work Plan (Delivery Order 4) and is not included in these SOPs.
Additionally. two proposed studies to assess hydrologic conditions in the Seaplane Lagoon and in
the Landfill Wetlands require site specific information not currently available. The proposed studies
are discussed in sections 5.5.3 and 5.5.4 of the Work Plan. Because some of the procedures are in
development and may require revisions, any substantial changes that may affect the use of the data
will be reported to the Contractor Quality Control Program Manager. changes may also be
discussed during the quarterly laboratory audits. These revisions in the SOPs will be reviewed by
the Contractor Quality Control Program Manager and communicate to the Navy on at least a
quarterly schedule.
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TABLE SAP-1

Sampling and Analysis Plan
Sediment Coring Schedule
Seaplane Lagoon (Site 17)

(page 1 of 2)

Chemical Characterization of Pore Water and Sediments
Reference Sampling | Samples per Sample Sample * Segment
Section Task Location Locatlon 1.D.} Depth interval
521 Microelectrode Measurements in 1-GH 2 GH-CCCt 20 cm -
Sediment Core Pore Walers GH-CC-C2 Duplicate
5.2.2 Pore Water Constituent 1-GH 2 GH-CCC3 50 cm 2t05cm
Measurements GH-CC-C4 Duplicate
5.2.3 Sediment Bulk Minearalogical 1-GH 1 GH-CCC5 2m 20 cm
and Chemical Analyses
524 Sediment Metal 1-GH 1 Sample from Section 5.2.3 2m 8D
Speciation Analyses to be tested
Pore Water and Sediment Toxicity Tests
Relerence Sampling | Samples per Sample Core * Segment
Section Task Location Location .D.! Depth interval
531 Surface Sediment Pore Water 3-GHFRMP 1 GH-TT-P1 FR-TT-P2 MP-TT-P3 Surface Surface
Toxicity Tests sample
53.2 Surface Sediment/Water 3-GHFRMP 4 GH-TT-St FR-TT-S5 MP-TT-S9 Surface Surtace
Interface Corer (SWIC) Test GH-TT-82 FR-TT-S6 - MP-TT-S10 sample
GH-TT-S3 FR-TT-S7 MP-TT-S11
GH-TT-S4 FR-TT-S8 MP-TT-S12
53.2 Subsurface Sediment/Water 2-GHFR 4 GH-TT-C1t FR-TT-C5 3m 1m
interface Corer (SWIC) Test GH-TT-C2 FR-TT-C6
GH-TT-C3 FR-TT-C7
GH-TT-C4 FR-TT-C8
533 Pore Water Toxicity 3-GHFRMP 1 Water Samples from Section 5.3.1 Surface Surface
Identilication Evaluation (TIE) to be tested Sample
534 Acld Volatile Sulfide (AVS) and 3GHFRMP 4 Sediment Samples from Section 5.3.2 Surface and -
Simuitaneously Extracted Metal (SEM) 2-GHFR to be_tested corato 3 m
Bloavalisbility Evaluation
Reference Sampling | Samples per Sample Sample * Segment
Section Task Location® Location 1.0. Depth Interval
54.1 Bivaive Test 2-GHFR 1 GH-BE-C1 FR-BE-C1 Surface (0.5 m) -
3-GHFRMP 4 Samples from Section 5.3.2 Coreto 3 m imand2m
(SWIC Test) to be tested
54.2 Digestive Fluld Extraction 2-GHFR 1 Split Samples from Section 5.4.1 Surface
above to be tested (0.5 m)
3-GHFRMP 4 Samples from Section 5.3.2 Coretodm [imand2m
to be tested )
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TABLE SAP-1
Sampling and Analysis Plan
Sediment Coring Schedule
Seaplane Lagoon (Site 17)

(page 2 of 2)

Transport Processes Assessment
Relerence Sampling | Samples per Sample Core * Segment
Section Task Locatlon Locatlon i.0.! Depth intervail
55.1 Lead-210 Profile in Sediment 1-GH 2 GH-TP-C1 Im 20 cm
GH-TP-C2 Duplicate
55.2 Measurement of Lagoon 3GHFRMP 2 GH-TP-C1 FR-TP-C3 MP-TP-C5 Im tm
Sedimant Properties FR-TP-C4 MP-TP-C6
Sample from Section 5.5.1
also to be tested
Intrinsic Transformation Processes
Reference Sampling | Samples per Sample Sample * Segment
Section Task Location Location 1.0, Depth Interval
5.6.1 Fingerprinting of PAHs, PCBs, 1-GH 2 Samples from Section 5.5.1 3m 20 cm
Hydrocarbons and Hydrocarbon Tracers to be tested
56.2 Sources of Transformation Products 1-GH 2 Samples from Section 5.5.1 Im -
Using Isolope Measurements o be tested
563 Intrinsic Production ot Methane 1-GH 1 GH-IT-Ct 2m 20 cm
in Anaerobic Lagoon Sediments
5.6.4 Intrinsic Transformation of PAHs 1-GH 4 GH-(T-C2 im 05-1m
and PCBs in Anaerobic Lagoon Sediments GH-IT-C3
GH-IT-C4
GH-IT-C5
56.5 Constraints on Transformation of PAHs 1-GH 4 Samples from Section 5.6.4 im 0-05m
and PCBs in Anaerobic Lagoon Sediments to be tested
Processes in Disturbed Sediment Systems
Reference Sampling | Samples per Sample Sample * Segment
Section Task Location Location 1.D.' Depth interval
57.1 Leachate Characterization from 1-GH 1 Sample from Section 5.2.3 Surface -
Disturbed Seaplane Lagoon Sediments to be tested sample
572 Toxicity of Disturbed Sediments 3-GHFRMP 4 Samples from Section 5.3.2 Surface and -
2-GHFR to be tested core o 3 m

NOTES: 1. Sampling identification as follows (XX-YY-Z#):
XX: Sampling Location YY: Section Description

Z¥: Sample Medium
GH-Outfall Area CC-Chemical Characterization of Pore Waters and Sediments

C-Sediment Core

FR-Outfall Area TT-Pore Water and Sediment Toxicity Tests P-Pore Water
MP-Midpoint Area TP-Transport Processes Assassment S-Surface Saediment
between Outfalls IT-Intrinsic Translormation Processes TBD: To Be Decided

2. Additional reference samples wili also be obtained from other Bay sites (see Sec 5.4).
* Segment Interval to be used in the laboratory studies
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T(..c SAP-2

Sampling and Anslysis Plan
Sediment Coring Scheduie

West Beach Landtill Wetlands (Sie 2)

Chemical Characterization of Pore Water sand Sediments
Reference Sampling | Samples per Sample Core * Segment
Secti Yook Locsatlo Locatlon 1.0. Depth interval |
521 Microek de M N8 in t-wit 2 Wi.CC-Ct 20 cm -
Sediment Core Pore Walers Wi-CC-C2 Ouplicate
522 Pore Water Constituent 1-wW1 2 W1.CC-C3 50 cm 2to5cm
Measurements W1-CC-C4 N yplicate
523 Sediment Buk Minearalogical 1-w1 1 W1.CC-CS im 20 ¢cm
and Chemical Analyses
524 Sediment Metal 1-W1 1 Sample rom Section 52.3 im
Specialion Anaiyses to be lested
{if apphicable}
Pore Water and Sediment Toxiclty Tests
RAelerence Sampling | Semples per Sample Core * Segment
Seclion Tesk Location Location 1.0. Depth interval
53.1 Surface Sedment Pore Water 4-W1 W2, 1 WI.TT-Pt W2-TT-P2 W3-TT-P3 W4-TT-P4 Surface
Toxicdy Tesis W3 W« sample
533 Pore Water Toxicity 4-W1 W2, 1 Water Samples from Section 5.3.1 to be tested Surlace .
Identification Evaluation (TIE) W3 Wde sample
53.4 Acid Volatile Sulfide (AVS) and 4-W1. W2, 1 Sediment Samples Irom Section 5.3.1 10 be tested Surface
Simullaneously Extracied Metal (SEM) Wi W4 sample
Bloavaliabliity Evslustion
Reference Sampling | Samples per Sample Core ¢ Segment
Saction Task Location’ Locatlon 1.D. Depth Interval
54.9 Bivaive Tes! 3-Wi,w2, 4 W1.BE-S1 W2-BE-S$ W3-BE-S9 Surface .
w3 W1.BE-S2 W2-BE-S6 W3-BE-S510 sample
W1-BE-S3 W2-BE-S7 W3-BE-S11
W1-BE-S4 W2.BE-S8 W3-BE-S12
54.2 Digestive Fluid Exiraction 3-W1 w2, 4 Samples from Section 5.4.1 Surface -
w3 fo _be lesled ___sample
Intrinsic Transformation Processes
Reference Sampiing | Samples per Sample Core * Segment
Sectlon Task Locatlon Locatlon 1.0. Depth Interval
56.1 Fingerprinting of PAHs, PCBs, 1-W1 1 W1-IT-C1 im 20 cm
and ocarbon Tr
562 Sources of Transformation Products 1wt 1 W1tT-C2 im -
Using Isotope Measwrements
564 Inlrinsic Transformation of PAHs 1-W1 4 W1-IT-C3 1m -
and PCBs in Anasrobic Wetland Sediments W1.IT-C4
W1-IT-C5
W1-IT-C6
NOTES: 1. Sampling ideniification as follows (XX-YY-Z#):
XX: Sampiing Localion YY: Section Deecription Zn: Semple Medium
W1-To Be Determined CC-Chemical Characterization of Pore Waters and Sediments C-Sediment Core
P-Pore Waler

W2-To Be Determined
W3-To Be Determined
W4-To Be Delermined

TT-Pore Waler and Sediment Toxicity Tesis

BE-Bloavailabilty Evaluation
1T-Intrinsic Transformation Processes

2. Additional reference samples will siso be obteined from other Bay sites (see Sec 5.4).
Segment Interval to be used In the laboratory studies

Berkeley Environmental Restoration Center
Sampling & Analysis Plan - Appndx B, Draft Final

S-Surface Sediment

Intrinsic Sediment Processes Study
February 1997



Table SAP-3 Analysis Plan for Intrinsic Sediment Processes Project

EPA Analytes/ Instrumenta Navy Container | Preservation Max.
Method Parameters 1 Reporting Type Holding
Techniques Limits: Time
4500F Ammonia Selective NA P.G Cool 1o 4°C 24 hours
electrode
120.1 Specific conductance Electrometic NA P.G Cool 10 4°C 24 hours
(Conductivity)
9050 Resistivity Electrometric | 1 mg/kg P.G Cool 1o 4°C 28 days
(}/Conductivity) '
60.0 Cadmium ICP 2 mg/kg P,G, C Cool to 4°C 6 months
HNO,
601C Chromium ICP: 5 mgrkg P,G.C Cool to 4°C 6 months
7171 AAS HNO,
6010 Copper ICP | mg/kg P.G.C Cool to 4°C 6 months
HNO,
6010, Lead ICP; 0.1 mg/kg P.G,C Cool to 4°C 6 months
7420 AAS HNO,
7471 Mercury AAS 8 mg/kg P.G.C Cool to 4°C 6 months
HNO,
6010 Nickel ICP 4 mg/kg P.G.C Cool to 4°C 6 months
HNO,
6010 Zinc ICP 8 mg/kg P.G. C Cool to 4°C 6 months
HNO,
300.0 Nitrate 3.3 ng/kg P.G Cool to 4°C 7 day/
40 davs
8080 PCBs GC: GC/MS | 3.3 pg/kg P,G Cool to 4°C 7 day/
40 davs
8080 DDD GC; GC/MS | 3.3 ugrkg P.G Cool to 4°C 7 day/
40 davs
8080 DDE GC: GC/MS |} 3.3 ng/kg P.G Cool to 4°C 7 day/
40 davs
8080 DDT GC; GC/MS | 3.3 pg/kg P.G Cool to 4°C 7 day/
40 davs
9045C; pH Electrometric P.G NA
9040B
9310 Radionuclides P.G
Isotope ratios
300.0 Sulfate 1.0 mg/kg P.G 28 davs
9030 Sulfides Colorimetric 5 mg/kg P.G Cool to 4°C
8310 Polynuclear Aromatic | GC: GC/MS P.G Cool to 4°C 7 days/
Hvdrocarbons (PAHs) | HPLC 40 days
9060 Total Organic Carbon | GC NA P.G Cool to 4°C 28 days
{TOC)
8015 Total Petroleum GC; GC/MS P.G GC; GC/MS
modified | Hvdrocarbon (TPH)
P = Plastic (usually polyethylene)
G = Glass
C =Core
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Figure SAP-1a. Sample Collection and Allocation for Seaplane Lagoon
(see Table SAP-1 for sample location designations)
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LIST OF STANDARD OPERATING PROCEDURES

Sediment Coring Procedures 25.1
Sediment Sampling for Pore Water Extraction 25.2
Pore Water Isolation 255
Acoustic Imaging of Sediments 25.4
Microelectrode Measurements in Sediment Core Pore Waters 26.1
Pore Water Constituent Measurements 26.2
Sediment Bulk and Mineralogical Analyses 26.3
Sediment Metal Speciation Analyses 26.4
Pore Water Toxicity Test 27.1
Sediment Water Interface Core Test (SWIC) 27.2
Toxicity [dentification Evaluations 27.3
Acid Volatile Sulfides and Simultaneously Extracted Metals 27.4
Bioavailability/Bioaccumulation by the Bivalve ~ 28.1
Digestive Fluid Extraction 28.2
Lead-210 Profile in Sediment 29.1
Measurement of Lagoon Sediment Properties 20.2
Fingerprinting PAHs, PCBs, Hydrocarbons and Hydrocarbon Tracers 30.1
Intrinsic Production of Methane in Anaerobic Lagoon Sediments 30.2
Intrinsic Transformation of PAHs and PCBs in Anaerobic Sediments 30.3
Constraints on Transformation of PAHs and PCBs in A